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ABSTRACT 

STITE (Scientific and Technical Information Transfer 
for Education) is a proposed system for the transfer of information 
from the many computerized information banks to the field of science 
education, A description of STITE with its auxiliary systems first 
outlines the goals and objectives of the research. Next, selected 
science and technology centers are analyzed. A description of several 
learnii>g information systems (instructional methodology and 
technology) is presented^ The design and operation of the STITE 
systefii is detailed. A literature survey of the field concludes the 
report. (HH) 
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PART ONE 

GOALS AND OBJECTIVES OF RESEARCH 

I. INTRODUCTION 

Research and development in the field of science information during 
the past decade has resulted in the establishment of large banks of des- 
criptive iafoirnation and bibliograjMc data. Stored on digital and analog 
media^ these collections^ along with the organization and dissemination of 
their data and information, comprise science and technical infornnt-ion 
centers, or science inforiration systems. 

So far, ttie almost exclusive clientele of science information ^ 
systems has been the commuiTity concerned ^^th research, developnent and 
production of either ideas or goods. It is logical that the scientific and 
technical research oormunity be considered as the principal beneficiary of 
science information systems: the iji^tus for the establishment of these 
systems was given by concern with the efficiency of scientific research 
and develop^nent in a society in which both the quantity of science inforna- 
tion and the number and variety of its users have registered a substaritial 
grcwtVi trend. At the same time, however, the scientific r<Bsearch commamity 
as a market is not characterized by either the volume or the frequency of 
infor^nation use v;iiich woold exhaust the capacity and potential of present- 
day science infonrvition systems. It is thus very appropriate to inquire 
whether the contents and services of these systems can be made available to 
science endeavors other than research and development. The appropriateness 
of this inquiry is unquestionable j scieiice infor^intion is a social and 
national resource vtose value potential is closely related to the level of 
its prudent use. 

In seardiing for other rrarkets for science information, the obvious 
dixx:iCi:ion is to look tOTard huinan activities which are heavily dependent on 
infonration inputs frc^n external ^'science memories. Obviously, human 
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science learning is an example of such an activity which funcfamentally de- 
pends on infomation transfer from e>ctemal information sources into the 
human irvind* Science education, the organized social system for such 
learning, is intuitively an atti\active market for science infonration. 

The notion of a symbiosis between science information and learning 
is not new, although until very recently it has received little evert 
attention. VJatson Davis [Ref,l],is reported having observed "a curious 
lack of follow-up arrong documentalists'^ to the Utopian idea of a "world 
brain" suggested by H« G. Wells—a centralized store of knowledge used 
for education, hfore recently, the Interuniversity Conmmications Council 
proposed to bring the contents of various existing and potential informa- 
tion stores to bear on the educational process; after an initial peric'' of 
enthusiasm [Ref.3], the concept still remajjis to be seriously explored, as 
do the premises ^^^ch led to the "netv-Aorks for knov/ledge" Federal legisla- 
tion of the .mid-1960 ^s* Apart from a few serious advocates of such a 
symbiosis [Ref,m, the respective orientations of science infomvition and 
education have remained diverse, even on occasions v;hen the two met to 
commmicate on a shared platform of educational technology. 

Within the past year, however ^ several events are indicative of a 
higji level concern ^d-th the relationship of science information ai'id educa- 
*cion. Prominent ajTong these is a study by the Organization for Economic 
Cooperation and Development entitled Information for a Changing Society 
(OECD, 1971). In response to a major conclusion of this study (that "in-- 
forrration systems of the fxrtaire must ]>e dynamic, capable of educating, aiid 
adaptable to tlie dianging educational systems of the v;orld") OECD recom- 
mends tliat "evaluation of educational rcquirements of nodem societies 
should take account of the need for inforrpation transfer systems that are 
better adapted to the contiiaing re--education of adults." 

In a parcillel vein, specific attention has naw been dra!/m to tlie 
necessity of adapting science infoiTnation systems to the science educational 
process and system of the fxrture: '^e inforration systems stimulated by 
tiie National Science Foundation have heix^tofore focused primarily on the 
needs of specialists; greater ^it"teniion sliould be pai.d to tlie life-long 
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educational process of the [scientific] non-specialist^' [Ref.2]» 

TL. SCTIKCE INFORI^ION AND EDUCATION 

In the context of the work reported here^ science infonnation is 
defined as recorded knowledge, visually in the fom of primary publications 
stored on analog or digital media, emanating from the intellectual wrk of 
the scie.itific and technical oonmunity. The manageinent of the inventory 
of science information, and the enhancement of its utility to mankind, are 
the primary purposes of science information systems. In the attempt to 
meet these purposes, science information systems collect, evaluate, orga- 
nize and store science information, and they provide tools for its purpose- 
ful use. In modem science information systems, the tools oo:rprise 
primarily devices and mechanisms for accessing science information— de- 
vices and mechanisms such as descriptive notations, indices, abstracts, 
searching methods, etc. Ihe function of science infonnation systems nny 
be said to be that of a couple between science information and its users, 
insofar as present-day systesns are generally limited only to the storage 
of science informatian surrogates. 

In their role of searchable bibliographic directories the use of 
science information systems is not limited to the research community; their 
use by others depends, however, on their need for science infornation and 
on its utility. For reasons vMch remain to be carefully assessed the use 
of science inforrration systems in science education has been sporadic, and 
largely confined to individuals engaged in research rather than in 
scientific or technical instruction or learning. It is quite apparent 
that the flow of science information into science education is characterized 
by discontinuity, lack of intensity, and time delay; hence its utilization 
in science education is suboptimal. 

Unless the u^e of science inforiBation systems in science education 
is to be for purposes other than an occasional bibliographic search on a 
topic of rrDmentary interest, the possibility of an effective flow of 
science infom:ation into education appears to be pzx^dicated on tlie existence, 
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availability and use of external, manipulable stores of learning mterials. 
A direct flw of science inforrration from its repositories into the highly 
volatile and transitive environn^t of live classroom instruction is dif- 
ficult to irragine; the updating of the knowledge of human instructors is 
an idiosyncratic process of habitual characteristics vMch are not easily 
UTOdified. On the other hand, stored learning materials (textbooks, in- 
structional films, etc) are a solid client of science information services, 
and a strong element in the educational process. 

The realistic possibility of an intensified influx of science in- 
formation into instruction and learning in the sciences is therefore given 
by the recent emergence and development of "leamiaig systems," broadly de- 
fined as technology- aided instruction/learning facilities which allow 
learners to interact vath organized learning riHterdals stored in an animate, 
manipulable device or memory. The nore powerful of these systems are ^'con^ 
vers ational"— that is, interactive systems v;hich provide, in addition to a 
modular store of learning materials , models of the live interaction between 
a student and a hunvm tutor. Despite the relative simplicity of the 
present-day models , the conversational learning systems hold promise of 
being able to sustain realistically the process of self-instruc1:ion* 
Purthernnore , given certain types of memories of learning mterials to sup- 
port tlae self- instruction process, it is possible to consider science in- 
fonration as conslliniting an important input into these systems. 

m. RESFARCH op>ji-:envES m u phase i tasks 

Ihe objective of the proposed project is to study, design and ex- 
perimentally evaluate man-mchine mechanisms for e:ihancing the traiisfer of 
sciei^ce information from its present repositories into science learning 
systems • 

The pDstulatcd mechanism for the transfer of science inforTn3,tion 
into learning systeiiB, v;luch ixm on3,y be sketclied at tMs time, is 
illustrated in Figure 1. Tne nvdn diaracter^istic of rhis transfer 
mechanism is the use of cortaLn outputs of soicnoci ij'ifor^ivition systems, 
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enhanced and modified as appropriate, as inputs to tlie learning systems. 
The transforation of the outputs, and the ease and econcm/ with vMch thf» 
transfer can be accomplished, are tlie crucial aspects of the mechanism. 
It is unlikely that the process can be performed fully aurcomatically ; 
rather, the educator^author is the key hurran interface responsible for 
the trans foniHtion of information. 

VJithin its general objective of investigating the rrechianisins of 
science information transfer into science education, the ongoing research 
has the follov/ing specific goals: 

!• To describe operationally the human process of transfora- 
tion of s'^dence information system outputs for the purpose of 
integrating them into the content of ALF-type learning systems; 

2. To investigate comparatively the design and operating charge- ^• 
teristics of science information systems and ALF-type science 
learning systems, particularly from the viewpoint of requirements 
for transferring infonivition betv?een them via a man-machine 
interface ; 

3, To inplement an experimental design of limited transfer 
mechardsm from appropriate existing science information systems 
into an ALT- type science learning system, and to evaluate 
selected aspects of that medianism* 

The findings of the proposed research should result in conclusions 
ooncerinjig the minimum design requirements for the coirpatibility of science 
information systeirs and sciciice learning systems, and in an evaluation of 
an opervitional method for a rapid integi-^ation of up-to-date science in- 
fonration into the content of modular facilities for self-instr'jction in 
science. 

In tlie ^irst phase of thn project, research efforts v/ere focused on 
the folia-ring tas}-^: 

1. Analysis of relevant paramtcrs of existing science information 
systems . 
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2. Hujran interface characteristics for science information 
transfer. 

3. Investigation of design alternatives of the STITE system. 

The above tasks and the state of research are described in greater 
detail in the remining sections of this report. An initial > although not 
yet complete 5 review of relevant 15.terature is also included. 
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ANALYSIS OF SELECTED SCmiCE AND TECHNICAL 
INFORMATION 

I. INTRODUCTION 

The prominent products of research and developanent in science/technical 
information of the past decade are large banks of descriptive infom^tion and 
bibliographic data stored on digital and analog jnedia. The collection, organi- 
zation > and dissemination of this information and data comprises the so called 
"Science and Technical Infonnation Systems/Center*' (STIC) , v;hose services typify 
the current level of development of the information industry' - the establish- 
ment of conputerized infoiTnation utilities and services of different types and 
purposes. Science and technical information centers differ ;\ddely when consid- 
ered from, the viev.point of the degree of automation, the depth and breadth of 
subject coverage, tiheir sources of information, their operational characteristics 
and their avallabilit-y to user conromity. By user community is meant the total 
user population of the center, 

Ihe distinctions betv;een different science infonnation systems also re- 
late to the fact that there arc various methods for eadi of the stages of opera- 
tion, sudi as acquisition, record keeping, library processing and loans, storage 
of the sources, infOiTiiation dissemination, infonnation seaixiiing, ixifonnation 
retrieval etc, 

The science and techinical ijiformation system/center can further be de- 
fined as an infonration service syste:a vMch operates in an envircnment v;hich 
includes both infon-^"ition to be processed and a population of users vjho ixxjuire 
various portions of this infor:ration in order to achieve cer^lain goals. For 
example, the goal of the proposed science infomation transfer system, STITC, is 
to desiOT learning raterials and to update them periodically, thereby eiiliajicing 
the effectiveness of tlie learning systejiis in irodem educational methods. 

Tne follwirig fip^ire delineates the major subsystcjas /components of tlie 
proposed system. 
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The above figure sho;^^s the information flow in the proposed STITE system. 
The main aim of this research project is the design of this central system. As 
technology advances and brings dov/n the cost of equipment, such as audio-visual 
equipment and data ti^ansmission devices, there will be innovations and modifi- 
cations in learning infonration systems (LIS)» Tha.s will continually alter the 
information requii-^ements of LIS, and consequently its interactions with the 
STITE system V7ill enhance with time. 

As it is aiiticipated at this phase of the project, the STITE system would 
bo an intenaediary office betv;een the US and STICs ^-ath computing and data 
processing facilities • On the basis of requests from the educator comfnunit"y 
(i,e- LIS), the STITE system vK)Uld interact vath STICs according to some pre- 
programmed feisjuon and according to its intended purpose, it v/ould acquire the 
necessary information from the STICs and provide tt.e sam.e to the appropriate LIS. 
The selection of media for infomvition transmission bet^,-;een the components of the 
proposed system, as shov.ii in the above figure, is one of the main features of 
the design of the proposed infonration transfer m.edaanism. It can be antici- 
pated that there v;ould be a gradual transition from off-line to on-line, and 
from batdi to real-tinx^ ^transmission. 

A fev7 basic assumptions ax i made concerning science infonration systems 
ajid the design pliilosophy of the proposed science ii^fonnation transfer system. 
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1) The science information centers will have direct contacts or contact 
via an intennediary office, \^^th the user conminity on an initiative as well as 
on a responsive basis- 

2) Not all of the learning systems will require the transfer of informtion 
from science information systems to learning systems. This variation will 
necessitate further research defining the criteria for the use of STITE system 
and identifying the courses tliat need updatin^^ with the science information to 
be transferred from these centers* 

3) Ihere may be an additional performance requirement on these science 
information centers to publish periodicals that will assist the educator com- 
niinity in the develop^nent of new courses to be offered to learners for enhancing 
their kna^ ledge with current research results ♦ 

4) It is further assumed that to determine the science information centers 
to be accessed for the development of new courses in a given subiect area and to 
facilitate the identification of centers that will provide the necessary science 
infoiTnation for updating the learning materials for modifying the course pre-- 
paraticn in a given subject area, it is necessary to categorize these centers on 
the basis of subject disciplLnes. 

n. CATCGOPIZyglON OF SCIHICE A^ID TECHTJIGAL LNFO.RMATIOM CS ITE RS 

As previously mentioned it is necessary for the STITE system to identify 
the centers that v;ill be contacted for ret"rieving the relevant information for 
the educator coii]rnunit"y • As a preleminary step to tliis, it is reasonable to assume 
that existing science and techr^ical infomntion centers should be categorized on 
the basis of subiect disciplines • Each science ijiformation center presently 
has a classification of anfonration accoixlin^ to several pix)file irrterests in a 
subject discipline, Tliis facilitates retiueving fix)m the store the portion of 
the information tiiat a parti cular user needs, Also it indi-cates that it is not 
necessary to further categorize tlie centers on the basis of detailed profile 
interests in a Gijlj>ject discipline. 

Kru/.as, in thq/ciopedia of Infonration Sy stasis and Service [Ref. 9]^ 
gives a page description of apprc^xjUiVTLcly 1000 STICs, All entries include the 
name of the patvnt org^mi zac.ion and tiie pai-^ciculoi'' systeia, sci-^vice or activity 
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described^ date established, other sponsoring organizations^ head of the unit, 
staff, description of system^ scope or subject coverage, input sources, holdings 
of recorded data, serial publications, non-serial p^jblications , microform 
services^ mgnetic tape ser\dces, and other services provided by the center, such 
as abstracting^ indexing, literature searching (conputer as v^ell as nmual), data 
collection and analysis, net^vork and cooperative programs, 

Kruzas [Ref» 9], also gives 12 valuable indexes, the prinary one of 
which is the subject index. Tnis has been the prinvary source of information for 
the folla^mig subject categorization of STICs. 

For convenience, science information centers have been classified on the 
basis of subject disciplines into categories v;hich correspond to the major subject 
subdivisions of the Universal Decimal Classification (UDC). 

If a SITC is listed under a pai^icular subject heading then that is an in- 
dication that STIC has some science and technical infonration in that subject 
discipline. Here the categorization is broad, and there is a considerable degree 
of overlapping betvzeen subject headings. Kruzas ^s listing of STICs in the sub- 
ject index [Ref, 9], has been extensively used here, 

11^ cy:rF:60RizAnoi] or srics dj scid^ce 

!• S cience 
General Science 

-Infoimation Interscience Inc. - Science InforrrTation Center. 
-Institute for Scientific Inforrration . 

-Johns Hop>d-ns University - Center for Resea:.x±L in Scientific Communication, 

--Ohio State Univ. - Meclianized Infonration Center. 

-Penn State Univ. - Pcnn. State Te&u Assistance lYogram.. 

-Quantum Science Coi-poration. 

-Scientist' Listitute for Public Information 

-Smith, ICLine, and Fraicli Uibs ~ Science Infoniviition. 

-U.S. Conmttee on Scientific Teclmical Infonnation. 

-U.S. llatiojval Acada':T/ of Sciences - ilational RGGcarcli Council - 
Office of tliG Foreign Secy. 
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hfathemtics 



-American l-kthematical Society - Mathematical Off print Service. 
-Johns BDpkins University - /^plied Physics l^. 

-U.S. Office of Education - EIRIC Clearingliouse for Science and 
Math Education. 

-Univ. of Oklahonia Medical Centei*^ - Medical Center Computing Facility. 

Astronomy S Allied 
Sciences 



"^l^istrono^" Physics - National InfomnatLon System for Physics 

-U.S. Air Force - A^eronautic Chart and Infonmtion Center. 

-U.S, National Oceanic and Atmospheric Admin » - Vforld Data Center, A - 
Upper Atmosphere Geophysics, * 

-Vfolf Research and Dev. Corp. 



Physi cs 



-Merican Institute of Physics - National Infomnation System for Physics 
and Astronomy. 

-Institute of Electrical and Elect-ronics Engineers - Information Service 
Departir.ent . 

-Jolms Hopkins Ura-Versity - Applied Physics Laboratory - Infonrntion 
Storage and Ret-rieval Project. 

-U.S. Arrny - I-'ateriel Cornnvind - Harry Diamond Laboratories - Scientific 
and Technical Luonration Office. 

-U.S. Atoirdx Energy Ccmission - Oak Ridge National l^aboratory - Central 
Research Library. 

-U.S. Atomic Energy Commission - Oak Ridge National Laboratory - Nuclear 
Data Project. 

-U.S. Atomic Energy Conmssion - Oak Ridge National Laboratory - Researcli 
Matei"»ials Lnfoirration Center. 

-U.S. Bureau of Mines - Albany rfetaJ.lurpy Rc3eaix:h Center - lhenTiDdynami.cs 
Laboratory - Contributions to the Data on llieoretical Metallux^gy. 

-U.S. &arcau of Stcindards - Atomic Transition Pix)babilities Data Center. 



ERIC 



19 



-U.S. National Bureau of Standards - Office of Stajvio!^: i 
Data - National Standard Reference Data Syste-r;, 

-U^S^ Navy - Naval Research Laboratory - Teclmical LI:: r 

-University of Calgary - Inforrnation Systeins and S ::ivL >; . 

-Stanford University Computation Cejiter - Stanforxi Uvy-ric 
Retrieval Systeni. 

-University of California - Lawrence Radiation Latoratvory 
Particle Data Center. 



Chemistry 



-Abbott Laboratories - Informtion Services. 

-American Chemical Society - Chemical Abstracts Service. 

-American Cheidcal Soc5.ety - Division of Chemical Literatare. 

-American Cyanimid Company - LederJ.e Laboratories - Research 
Information and Retrieval Depax^teent. 

-American Petroleum Institiite - Central Abstracting and Indexing 
Service. 

-Chemical Systems, Inc. - Computerized Structural Group Index of 
Conraercial Organic Chemicals. 

-Ciba Phannaceutical Company - Scientific Information Center. 

-De Soto Inc. - InfoiTi^tion Center, 

-Drug Information Aosociation. 

-Eli Lilly and Company - Scientific Library. 

-Ethyl Corporation - Research Labor^c^-^ories - Technical Infoiination 
Services . 

-Franklin InstitTite - Research Lalx>ratories - Science Information 
Services Department. 

-Goodyear Tire and Rul^ber Company - Goodyeax-^ Atomic Corporation - 
Infonration and Records. 

-Hoffrrann-La Roche Inc. - Managen"ient Service Departirient. 

-Hooker Cnemical Corporation - Teclmical Infonration Center. 

-Illinois Institute of Ted-inology - irr Rescaixli Institute - Computer 
Seai'^ch Center. 

-Iwa State University - Institute for Atomic Reseerrch - Rare-earth 
Infomvation Center. 

-liDckliced Aircraft Corj-x^ration - Ijoddiccd Missiles and S^xice Company 
Teciinical Lifonration Center. 
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-Norvdch Pharmacal Company - Infonmtion Services Division. 
-Plenum Publisliing Corporation - Princeton Infonration Technology. 
-Predicasts , Inc. 

-Rensselaer Polytechnic Institute - Molten Salts Data Center, 

-Schering Corporation - Scientific and Technical Infonration Center - 
Technical Documentation Department 

-Science Databank^ Inc. 

-Smith, Kline and French laboratories - Science Infonration, 

-Southwest ReseaiKii Institiate - Information Services and Library. 

-Squibb Institute for Medical Research - Science Infonmtion 
Department, 

-Stanford Research Institute - Chemical Infonriation Services, 

-Texas A 8 M University - Department of Chemistry - Tnemodynamics 
Research Center* 

-SM Company - Scientific and Technical Communications Department - 
Patents and Profiles, 

-3M Company - Scientific and Technical Communications Department - 
Technical Coninuni cations Centers. 

-U.S. Army - Edgewood Arsenal - Industry Liaison Office - V/isv;esser 
Chemical Line Notation System. 

-U.S. Amr/ - Electronics Command - Technical Information Division, 

-U.S. Atomic Energy Commission - Oak Ridge National Laboratory - 
Central Researcji Library. 

-U,S, National Bureau of Standards - Chemical Kinetics Infomation 
Center. 

-U,S, National Bureau of Standards - Qiemical Themodynamics Data Center. 

^U,S. National Bureau of Standards - Crystal Data Center. 

-U.S. National ^ Bureau of Standards - Data Center for Atomic and 
Molecular Ionization Pi"ocesses. 

-U.S- National Bureau of Standards - Diatomic Kolecule Spect-ra and 
Ener^ Levels. 

-U.S. National BuL^Dau of Standards ^ Office of Standard Reference Data 
National Standaixj Reference Data System. 

-U,S, Navy - Naval Rescardi Laboratory - High Tejiipei-^ature Behavior of 
Inorganic Salts. 

-U,S, Patent Office - Office of Search Syste^is and Documentation - 
Classification System. 

-U,S, Public Health Service - National Institutes of Health - Clinical 
Pathology Data Processing System. 



ERIC 



21 



-Ihivei^ity of Califoniia - Uvnrence Radiation Laboratory - Infornution 
Researdi Group. 

-Xeix>x Corporation - Centrca Information Center. 
Earth Sciences 

-Geoscience Information Society. 

-Ohio State University - Institute of Polar StTjdies. 

-U.S. Air Force - Aeronautic Chart and Inforrration Center - 
Technical Library Section. 

-U.S. Amy - Electronics Command - Technical Inforniation Division. 

-University of Michigan - Subsurface Labomtory - Geologi.c Educational 
Research Center. 

-University of Tulsa - Information Services Department. 
Paleontology 

--American Geological Institute - Geological Reference File. 
-McLean Paleontological Laboratory ~ Information Services. 

Biology 

-Biosciences Lnforrration Service of Biological AbslTacts. 

-Illinois Institute of Technology^ - IIT Researdi Institrite - Computer 
Search Center, 

-Johns Hopkjj^s University - Laboratciy in Behavioral Fnysiology - 
Connamicatior.s in Behavioral Biology. 

-Universite Uval - Ceritre de Documeiitation. 

-University of California - Lav/reiice I-^idiation I^aboratory - Infoi^ 
nvition P'eseai'ch Gix:)up. 

Botanical Scierices 

-University of Mia'iii - l'!orton Collectc^mea. 
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2. Technolo^ 
Technical Sciences 

-American Petroleum Institute - Central Abstracting and Indexing 
Service, 

-Battelle Memorial Institute - Columbus l^iboratories - Strategic 
Technology Inforration Analysis Center. 

-Chevron Oil Field Research Company - Technical Infomation 
Center. 

-Dallas Geological Society - Geological Inforniation Library of Gallas. 

-Ksso Research and Engineering Compar^y - Company and Literature 
Information Center, 

-Esso Researx:h and Engineering Company - Engineering InfomBtion 
Center. 

-Ethyl Corporation - Research Laboratories - Technical Information 
Services . 

-General Dynamics Corporation Convair Aerospace Division - Library 
and Iixforrnation Services. 

-Harvard IViiversity and Massachusetts Institute of Technology - University 
Informtion Technology Corporation. 

-Illinois Institute of Technology - Institute of Gas Technology 
Technical Information Services. 

-Indiana University Aerospace Research Application Center. 
--Interuniversity Cormroni cat ions Council. 

-Johns Hopkins University - Applied Pliysics Laboratory - Infornntion 
Storage and Retrieval Project. 

-Lockheed Aircraft Corporation - Ijockheed Missiles and Space Company - 
Technical Information Center. 

-Marathon Oil Company - Denver Research Center - Teduu.cal Information 
Section. 

-Martin Marietta Cbi^ration - Teciinical Infonnation Center. 

--I'fobil Reiiioarch and Ifevelopment Corporation - Field Research Laboratory 
Technical Infonration Section and library. 

-North Amerj.cai'i Rodr^'fell Corporation, Lie. - Aerospace and Systems Group 
Technical Information Processing Systcin. 

-Sandia La]x)ratory - Technical Libraries Department. 

-Southvrest Regional laboratory for Educational Research md Developn;ent - 
Computer Center. 

-United Aiix:raft Research I^boratcri.cs - United /drcraft Corporation 
IdLivuy Systcj:). 
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-University of Ia';a - Iowa Educational Informtion Center • 

-University of Southern California - Western Research Application 
Center. 

-University of Tulsa - Infonration Services Departn^t. 

-•University of Utah - College of Engineering - Solid Kocket 
Structural Integrity InfoniHtion Center* 

-U,S» Anrry - Electronics Conrrvand - Technical Information Division. 

-U.S. National Aeronautics and Space Adrainistration - Manned 
Spacecraft Center - Technical Library. 

-U.S. National Aeronautics and Space Administration - National 
space Science Data Center, 

-U.S. National Aeronautics and Space Administration - Scientific 
and Technical Information Facility. 

-U.S. National Aeronautics and Space Administration - Scientific and 
Technical Information Office, 

-U.S. National Oceanic and AtJX>spheric Administration - Scientific 
Infonration and Documentation Division, 

-U.S. Navy - Naval Research laboratory - Technical Library. 

-U.S. Office of Education - ERIC Clearinghouse on Educational Media 
and Technology, 

-Vfolf Research and Development Corporation, 
-Vforld Data Center A - RocXets and Satellities, 



Medical Sciences 



-Abbott Laboratories - Infomvition Services, 

-American Medical Association - Archive - Library. 

-Canada - National Research Council of Canada - Natioi^ial Science 
Librviry of Canada - Health Sciences Resource Center, 

-Catholic }fospitals Medical Education Foundation - Medical 
liiterature Infomvition Center. 

-Ciba Pliannaceutical Cbiitpany - Scientific Infonration Center. 

-nJolm Crcrar library - Research Infonration Service. 

-lizcerpta Medica Infonration Syr>tems, Inc. - Automated Storage and 
RetiUGval System of Drvig literature. 

-Ifouston Academy of i-'edicine Library - Cooperative Automated 
Ciixrulation Systenu 

-Institiate foi^ Mvancemcnt of Medical Conmiu^.ication. 
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-La'/ry-Cocnoft Absti-^acts. 

-Mead Johnson and Company - Medical Services, 

-Medical Librairy Center of Ne-; York. 

-Memorial Sloan Kettering Cancer Center - Merrorial Hospital for 
Cancer and Allied Diseases - Communication and Computation Center* 

-Mid-Continental Regional Medi-cal Library* 

-Pacific Korth'/est Regional Health Sciences loibrary. 

-Pharmaceutical Manufdcturers Association - Science Information 
Service . 

-South Central Regional Medical Library Program. 
-Southeastern Regional Medical Library Program. 
-U.S. National Library of Medicine. 

-U.S. National Library of Medicine - Lister liill National Center 
for Biomedical CommupA cat ions. 

-U.S. National Library of Medicine - Medical Literature Analysis and 
Retrieval System. 

-U.S. National. Library of Medicine - National Medical Audiovisual 
Center. 

-U.S. Public Health SerAd.ce - National Institutes of Health - 
National Institute of Arthritis and Metabolic Diseases - Office of 
Scientific Communications. 

-U.S. ^ Public Health Service - National Institutes of Health - National 
Institute of Mental Health - Division of Harootics Addiction and 
Drug Abuse - Addiction Research Center. 

-U.S. Public Health Service - National Institute of Occupational Safety 
and Health - Scientific Reference Service Branch. 

-U.S. Smithsonian Insti"tution - Science Infonaation Excliange* 

-U.S, Veterans Aclr:iinistration Hospital - Automted Hospital. Infoni^ation 
System. 

-University City Science Center. 

-VJyeth laboratories - Scientific Inforiration Section. 



Engineering 

-American Petix)leum Institute - Central Abstractijig and Inde>:ing Scwice. 
-Ameiuc£i]i Society for Metals - Metals Infom'ition Systcja. 
-Jolin Crorai^ Library - Reseaix^h Infonnation Service. 
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-Engineering Index, Inc. - Inforrration Services. 
-Engineering Soci.eties Library. 
-Engineers Joint Council, 

-Illinois Institute of Technology - IIT Research Institute - 
Computer Search Center- 

-Information Interscience Inc. - Science Infonnation Center • 

-North Carolina Board of Science and Technology - Science and 
Technology Research Center. 

-North Carolina State University - D.H. Hill Library - Technical 
Inforniation Center. 

-Nova Scotia Research Foundation - Technical Services Division. 

-U.S. Arrriy - Cold Regions Researdi and Engineering Laboratory - Cold 
Regions Information System. 

-U.S. Army - Corps of ^Engineers - Office of the Chief of Engineers - 
Scientific and Technical Information Division. 

-U.S. Amy - Missile Command - Engineering Docurnentation Division 
Documentation Automated Retrieval Equipment. 

-U.S. Army - Tank- Automotive Corrmand - Engineering Drawing 
Depository. 

-U.S. Army - Vtatervliet Arsenal - Technical Information Service Office 
Benet Laboratories. 

-U.S. .Defense Supply Agency - Defense Industrial Supply Center - 
Technical Document Supply Center. 

-U.S. Department of Commerce - National Technical Information Service. 

-U.S. Depai-^tment of the Interior - Departaent of Reclamation - Infor- 
rrotion Storage and Retrieval Project. 

-U.S. Library of Congress - Science and Technology Division 

-U.S. Library of Congress - Science and Technology Division - 
National Refen^al Center. 

-U.S. National Puroau of Standards - Office of li^gineering Standards 
Services - Information Section. 

-U.S. Navy - Naval Postgraduate Scliool Dudley Knox iJ-brary. 

-U.S. Navy - Naval Ship Systen^s Coriimand - Scientific Documentation 
Division. 

-U.S. Patent Office - Office of Scai>ch Systeirr^ and Documentation 
Classification Syctejn. 

-University of Calgary - Infonration Systaao and Services Division. 

-Univet^slty of Nebraska - Nebx^aska Dxginecrijip, and Business Services. 

-University of Uev: Mexico - Teclmolo^y Application Center. 
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-University of Southern California - Western Research Application 
Center. 

-Virginia Polytechnic Institute - Extension Division - Virginia 
State Technical Services. 

-Vtestem Electric Company - Engineering Research Center - Infor- 
rration Science Department. 

-Whirlpool Coi^poration - InfomfBtion Center* 

-Xerox Corporation - Systems and Services for Li±)raries. 



Agriculture 



-f-fonsanto Company - Infomation Center. 

-South Dakota State University - Institute of Irrigation Technology - 
Inforjnation Services. 

-U.S. Department of Agriculture - Agricultiiral Researcli Seivice - 
Information Division. 

-U.S. Department of Agriculture - Current Research Infomation 
System. 

-U.S. Department of Agriculture - Foreign Agricultural Service - 
Information Service Branch. 

-U.S. Department of Agriculture - National Agricultural Library. 

-U.S. Department of /^^iculture - National Agricultural Library - 
Agricultural Sciences Information Netv-ork. 

*U.S. Departmont of L\ifense - Defense Supply Agency - Defense 
Documentation Center. 

-University of Miam - Morton Collectanea. 



Business 



-Conferejicc Board, Inc. - Divi.sion of Infoi-mation Service 
-De Soto Inc. Information Center. 
->fonsanto Company - Information Center. 

--North Caix)lina State University - D. H. Hill Libr-ar^' - Technical 
InfornBtion Centei^. 

-Oregon Total Tnfonivition System. 

-I^dicauts, hie. 

-Southern Ifethoclist University - Industrial iiifonration Services. 
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-Stanford Researxdi Institiate - Long Range Planning Service. 

-Stanford University Libraries - Technical Information Service. 

-U.S. Departnient of Commerce - National Technical Information Service. 

-University of Minnesota - Walter Libr>ary - TechnicaJ. Infornntion 
Service, 

-Ujiiversity of Nebraska - Nebraska Engineering and Business Services, 

-Virginia Polytechnic Institute - Extension Division - Virginia State 
Technical Services. 



Cheiuical Technology 



-American Chemical Society - Chemical Abstracts Service. 
-B. F. Goodrich Chemical Company - Technical Information Center, 
-hbnsanto Company - Information Center. i 
-Southwest Res. Institute - Information Services and loibrary. 



Metallurgy 

-America:^ Society for Metcils - Metals Information System, 

-Hattelle Memorial!- Institute - Columbus Laboratories - Defense 
Metals Information Center, 

-Belfour Stiilen, Inc. - Medianical Proper-ties Data Center. 

' Goodyeai'' Ti.re and Rubber Company - Goodyear Atomic Cbrporation - 
Liformation eind Records. 

-Iowa State Uiiiversity - Institute for Atomic Researcli - Rare- 
Earth InfoiT?ation Center. 

-Locl-dieed Aircraft Cor^x)ration - Ljockheed- Georgia Coii.^any Scientific 
and Teclmiceil Iivformation Departmeiit. 

-Lockheed AjLixi^aft Coi^poration - I-ockheed Missiles and Space Company 
Technical Infonration Center. 

-Reynolds Metals Comixiny - Tecl^rLcal Information Services ^ Research 
and Development. 

-Tin Research Listitiatc , Inc. - Technical Service Center. 

-U.S. AiTiy - V/atervlict Ai^senal - Technical Infonivition Services. - 
Office - Eonet Laboi^itoz^ies. 

-U.S. I^ureau of Mines - Albany MctaJlm^gy Rcseardi Center - Therrro- 
dyivraics laboratory - tontributions to tiie Data on Theoretical 
Metallurgy. 
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Manufactures 

-Nova Scx:)tia Research Foundation - Tedinical Services Department, 

-RCA Corporation - David Samoff Research Center. 

-Southwest Research Institute - Information Services and Library. 

Building Materials 

-U.S. General Services Administ-ration - Office of Public Affairs. 
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III, ANALYSIS OF STICs 

The science aiid teclmical information centers are analyzed from the 
viewpoint of output ddta specification since tlie concern of the project is 
with science and technology transfer from these centers into educational 
institutions. The analysis does not include structual features of the STICs 
such as configuration, allocation of processes in the system etc. Attention 
is focused on iirportant paiwieters of STICs and little attention is given to 
system processing features. 

The mechanization/automation of most of the science information centers 
is concentrated mainly in the following stages: 

-non-selective dissemination of information via bulletins , abstracts, 
or bibliographies 

-selective dissemination of informtion 

-subject selection of articles 

The introduction of machines into information processing could yield 
good results if used simultaneously at all the above three stages in: 
-compiling bibliographic listings, indexes, etc. 
-selective dissemination of information on the basis of interest 
profiles 

-answering individiial request by selecting relevant documents 

1. Characteristics of Processed Information 

Ajialysis of the characteristics of processed information leads to a 
focus jrainly on the initiative and responsive output of STICs wliich are defined 
in section III. 2. Since science and tedinical infonnation from STICs will be uti- 
lized in educational institutions, they are analyzed according to the fonvs of 
output that are availal:)le from STICs. [Sec. III. 3] In Sec. III. 5* soine of the 
interactions bctv;een tlie user and the system ar"c discussed. 

2. Fuiictional Categorization of InfoiTrvation 

As iiiforrmtion is irvinipulated and pi-ocessed in tl^e system, it under^ 
goes various trans f on ration v/hich rrcke it desirable to re-^dofine tlie inforDvition 
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*'f«ckages^* by type at various stages of the process* Of the several functional 
categorizations of infonration, those categories relevant to tlie Sl'ITE pro- 
ject will be initiative outputs and services and responsive outputs and sources. 
Less ejiphasis will be given real-world inputs, system-oriented inputs, and system 
stores . 

2.1 Initative Outputs and Services 

One of the main functions of an infomk-ition service system is 
to provide effective dissemination of inforrimtion to the user 
population. As a result, information may be classified in terms 
of the types of initiative outputs and services which the system is 
to provide. This information will assist the educator communi.ty 
in the development of new courses in a subject discipline. 

2.2 Responsive Outputs and Services * 

T\\e otiier service function of STICs is to provide services in 
response to user requests. Information may therefore be categorized 
in terms of the types of responsive outputs and services to be pro- 
vided by the system. Tliese outputs aiid services v/ill aid the 
educator cojKnunity in updating the teaching materials and modifying 
for other purposes courses currently offered in educationeil institut- 
ions . 

3 Out-put Data Specification 

In the design of the proposed STITE, a specification of the out'put re- 
quired by the several user comrrunities is to be made, Tliis rray require some of 
the STICs to do soT.e additional progpcimming v/ork or to modify their existing 
progranis, 

Tlie general input infonnation types to STICs are the follov/ing: 

-corrposite works (journals, proceedings, etc.) 

-monogi\iphs (books, moncgrapiiic series, etc.) 

-researdi and developnY3nt reports 

-secondary pubiicition (aljstract jo^omals) 

-resc^irch - ii - progress r3[X)rts 
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Irdllativ^ output products from tliese centers for assisting the 
user/educator communities in developing new courses in a chosen subject area, 
could be the follovang: 

-announcement lists 

-book-fom catalog 

-research- in-progixiss index 

-biographical index - directory etc* 

The responsive out^put products from these science and technical in- 
formation centers^ in response to user requests, should be of the types that 
would eissist the educator conKiurdty in updating their teaching materials per- 
iodically, thereby enhancing the effectiveness of tl^e teadiing systems. These 
responsive outputs v/ill be the foliating: 

-denmd bibliographies 

-specific document search 

-hard copy retrieval 

-state-of-the art report 

>fethodology for the Analysis of Output 

Some of the learning/teaching systems may require the outputs from 
STICs h\ a parlicalar form, sud^ as slides, videotape, magnetic tape, etc. 
These requirements are to be analyzed in conjunction with the forms of output 
that are obtainable frem tl^c existing science and technical infonration centers. 
It is assumed ti^at a decision v.ill be n^ide at the design stage of the STITI] 
systt^. oonc'iming vheti^ier tlie particular forrns of inforrraticn materials should 
be develofXid at the respective aser locations frem tiie outputs the iser re- 
ceives frem tiicse centeiG in vmatevor form they are available, or v/hether recoinmei^- 
dations should be mde to the existing STICs to pix)vide their outputs in tlie forms 
desirable to tlie users v/ith a nominaJ. fee for the cost incuiTcd ir-i prepciring them. 
At this early stage, it sec^-G that tfie user cor;irp;jnit-y v/ill have to prxipare its 
leaiTLing materials in the desired foniB frem tl:ie infon:iation mterials they re- 
ceive frem S'lTfo, Ihose asjxicts of initiative outputs, a;^ woU eis tlie responsive 
outputs, ar*c yet to be studied Ln dotdiil, simultaneously v;it.i the analysis of the 
tcadrirrg/lccrniiiig system:-:; • 
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5. Interactions Between the User and the System 

Ihe user/educator comnunity will request science information from 
SnCs and will evaluate the system by the relevance of the material received. 
To design the proposed STITE system, it will be necessary to consider 
-the determination of user requirements 
-the interaction between the user/educator conmunity and 
the system 

-the various types of retrieval requests 

Ihe user/educator community my conceivably approach these STICs 
eithei^ directly or via an inteniiediary with a need for modifying or updating 
teaching mterials in a given subject area^ 

In traditional libraries, the user has many options. He may request 
help from a refeopence librarian, he may brcwse through the open stacks of 
books, or he my ase the card catalog. Although the infonration center, part- 
icularly the automated infonration storage and retrieval center, is organized 
differently -than the library , it must provide the user witli a similar range of 
capabilities and services. Indeed, because of the high cost of automation, the 
services provided the user should be more, certainly not less, than those provided 
by a oonventioncil library. Hov7 to alia*; for maximum interaction betv;een the 
user and the science and technical information stored in an automated system 
might be one of tJie main design problems. 

6. User Request Analysis 

Ihe different types of user requests and their implications for SITTE 
system design can be sumrrvirizcd as foUa-^s: 

6*1 Request for a Specific Docun^ent or Article - The most frequent 
request received by an infomation center is for a specific document 
or article. In an automated system, tlie document number from an index 
file is obtained and then a copy of the document from the microfilm 
store is retrieved and sent to the user by mail or the content of the 
document is sent to the user via the existing communication lin!<s. 
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6.2 Requests for Information by Subject - Another ooinmDn 
request is for infomation on a particular topic, such as 
documents dealing with satellite conrnunication concepts. 
In most of the existing science and technical infomution 
centers > the system response to this fonn of request is 
good. Generally tlie user wants relevant documents but not 
necessarily all relevant documents , and he wants the material 
in a reasonable period of time, l^st dxifonriation centers 
have no difficulty in responding to this request. 

6.3 Requests for an Exhaustive Search - Some user might re- 
quest a state-of-the-art report on a particular topic in a 
subject area. In fact, some research problems require that 

the investigator nvike a systenntic and thorough search through* ^ 
all of the literature to determine whetJicr or not the inform 
mtion he needs has been reported elsev/here. These possible 
needs of the users necessitate analysis of the existing science 
and technical information ceJiters in their capabilities of 
handling such users' requests. 

finally users request infonration to keep abreast of develop-- 
inents in a given field, and there are nov? several publicat- 
ions devoted to promoting current awareness in specialized areas. 
(Q^emical Titles, for example). Also various selective dis- 
semination procedures attempt to provide iriformation to the 
specialist before he recognizes Yds ovm needs, Ihese services 
will be analyzed in greater detail at a later point. 

7. Summary - The utility of the outputs from STICs for educational systems 
is an essential consideration for tl^e proposed design of a SllTE system. Carroll 
[Ref. 2], has gather-ed informcation fxom representatives of all kna^. commercially 
aveiilable tape ser'vices and lists tliis in f curat ion under the folla.ving categories: 
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-naine of tape 
-source 

-contact - representative for further information 

-characteristics of the data base 

-frequency of tape issue 

-average number of source iteiiG per tape 

-subscription cost or leasing details 

-soft\<'are availability 

-type of in-house service offered 

-publications produced from base by originator 

A total of 55 services is listed in the Carroll report* Furt±Ler study 
on available scientific - teclmical tape services is being carried on. 

From the viewpoint of tlie objectives of the project, it will be necessary 
to make a surx'ey of the experience of educators ix\ the utilization of the services 
provided by science infomation services* At present educational institutions 
seem to use the services provided by these centers only in research work, and 
little utilization is made for the purpose of exiliancing the effectiveness of ed- 
ucational tools and nviterials. Technology utilization by educational institutions 
in these centers, such as the North Carolina Science and Tedinology Research 
Center > Research Triangle Park, N.C., seems to be limited to the area of finding 
information for graduate studeiits in several universities that are a part of 
the center, Grnetana arid VJaH-cer [Fcf. 15] announce some of tlie results of 
"Literature Se<arches for Iheses by Co^puter^^ 'Ihey describe the results of a 
t^wo year program to provide low cost, cornputer'-perfonncd seardies of tl^ie liPSA 
literature resource for graduate students. Tney fouid -that 70^6 of the parti-- 
cipantsC uteers) from all fields v;ere enthusiastic about the pix)gram5 and rrost 
felt that their rescardn irrpixjved. Srnetana states that the inajcr complaijit abovit 
the progi-^am is tlie lack of breaddi in the NASA infonrvition collection, parti- 
cularly in the diamical area* Srrsctana also lists tlie numljer of seatx?hes and 
tlieir distribution by irajor field for a period of 2 years, and it is found that 
graduate students from the field of rrnchanical ojigineerijig have uie maximum 
participation • 

l\X)m t}>e ta}:)lo, it is clear tiiat most of the STICs offer magnetic tape 
services. But quite a fc%^ center.', liave migiictic tai>3 services availeiblc for their 
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internal use only. Likev;ise quite a few centers have their microform services 
available for internal applications only. But rrcst centers offer these sex^dces 
on a subscription basis. Nearly 50% of the centers selected offer a selective 
dissemination of information service. A large number of centers offer services 
such as abstracting, indexing, systems analysis etc*, and for further details 
of other services, see Kruzas l^Ref. 9]. 

Aliiost all centers hav^i hard copy retrieval, and irost of the centers 
are partially automted, Itie r\agnetic tape-oriented data bases have primarily 
abstracts and index catalogs on tapes, and a few centers have the entire text 
on tl-ie data base. 

From the above anciLysis', it is apparent that there are virtually no 
STICs which give science and technical inforT[vition in the form of film, irovies, 
videotapes, slides or any other fonas tliat can be readily used in an audio-visual 
instructional system. From this it can be inferred that the educator community^ 
on getting the information from STICs, will have to transform it to the particular 
form that is compatible vatli their mode of presentation in the respective in- 
structional system. Also it can be concluded at this stage of the project that, 
in addition to hard copy retrieval, magnetic tapes offer a suitable medium for 
the transfer of science and technical information from STICs to educational 
institutions . 

IV. TABUI ATIOM OF OPEPATIONAL ai/^^CTERIgriCS OF SELECI TJD STICS 

As is indicated Ki^as [Ref. 9], a large nurrber of centers have re- 
strictions regaixiing their availal-^le services, Ihere are mechanized centei's 
which offer their ser\'ices only to their employees in thei.r respective com- 
panies, ai^d tlicy do not offer any services to the educator conmunity. Tnese centers 
are not included in tl\e talkie, Ha-jever in the subject classification of centers, 
all the centcr3 ara mentioned. 

In the table vjludi follws, mxin operational featuixis of a selected set 
of STICs are sur:irraiuzed. Tne initi^itive outputs and the i>3Sponsive oatj^uts mention- 
ed in III. 2 are gi,ven in tiie table, as well as the existence of any mici-of m ser- 
vices, magnetic tape services, and selective cliGscmination of infonnation scr- 
vices. Data on micro fona Gcrviccs include form, size, and conditions of eivail- 
ability of micrcfoiTO produD^d or ciistiibuted by reporting ujiit, (Note: In the 
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table if the aervice is available, an X is placed in that column. For further 
details of available services, see Kruzas [Ref. 9].) For magnetic tape ser- 
vices, specifications and availability of formalized tape service, as well as 
locally maintained computerized date bases, is indicated. For descriptions of 
other in-house oonputer programs and applications and details of the centers , 
see Knizas [Ref* 9]. 

An X placed in a coluiin by a center indicates that th^^ parciculcar center 
offers that service. If a column is left blank, it indicates that no information 
is available or that it is unkiicwn. In responsive outputs under colunin 2, '^Spec. 
Document Search" is indicated in the table if the search in the center is a manual 
one. 
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VI. Conclusions 

Currantly the utility of the outputs frm science infonmtion services 
for educational syst€:ms is being studied. Carroll has gathered infonration fran 
representatives of all known comr.ercially available tape services [Ref. 2], and 
he lists the inforrrvition under the following categories: 

Name of Tape 
Source 

Contact - Representative for further infonration 

Characteristics of the data base 

Frequency of tape issue 

Average nurriber of source iterns per tape 

Subscription cost or leasarig details 

Software availability 

Typ^ of in-house service offeired * v 

Publications produced from base by originator 

A total of 56 services is listed in the Carroll report. Further stoidy on 
available scientific - technical tape services is being carried on. 

From the viev/point of the objectives of the STITE project, it vjill be necessary 
to make a survey of the experience of educators in the utilization of tlie services 
provided by science infonration services. Ax present educational institutions use 
the services provided by these centers only in their research vTork, and little 
utilization is made for the purpose of enhancing the effectiveness of educational 
tools and materials. Technology utilization by educational institutions in these 
centers, such as North Carolina Science and Ted-inology Research Center, Research 
Triangle Park, N.C. , is reported to be in the area of finding infonr^ition for graduate 
students in several univereities . 

In the I^^ roceed ines of the American Society f or Infon nation Science, vol. 6, 
[Ref. 151, Sriictana and VJalker announce soir.e of the results of ^* Literature Searches 
for Iheses by Coirputer'', 'Hiey describe the results of a t>?o year program to provide 
la.*; cost, cajputer-perfonned searches of the li^PA literatoai-e resource for graduate 
students, Ihey found tliat 70% of tne participants (users) fron all fields v;ei^e 
enthusiastic atout the propram, and nost felt that their research improved. Smotana 
states that the mnjor co:rplaint v;ith tl^i pro^ava-a is the lack of breadth i]^* lU'FA 
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infonnation collection > particularly in the chemical area. Smetana also lists 
the number of searches and the distribution of searches by major field made in 
2 years, and graduate students from the field of mechanical engineering had the 
rTBximam participation. 

The main interest of the STITE at this stage is to analyze the outputs 
frcm existing centers and to investigate ways in which present educational 
fiystems can benefit by these outputs, assuming that there is a mechanism avail- 
able for speedy efficient t*ransfer. The goal of the project is to devise such 
a mechanism, and further research will be directed towards designing such a trans- 
fer mechanism and testing it in the experimental phase • 
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PART TIIREE 

DESCRIPTION OF LEARMING INFORMATION SYSTEMS 



!• INTRODUCTION 

Durijig the past fifteen years or so there has been an increasing 
voluim of research which is seeking to ijnpr>ove the quality of academic 
level instruction, and to increase the productivity and influence of 
teachers througji the development and organization of instruct ioncil 
materials and subject matter, and the use of various instructional media. 
During the sane period nmy new conmunication tools have been developed 
and are available for use, The motivation for this research on teaching 
and learning has corne in part from the rapid growth in population and 
from a predicted and actual lack of good teachers. This growing concern 
to improve learning is also due to the great expansion of new informa- 
tion and to the rapid antiquation of much previously learned knowledge 
as the result of technological change. 

A major task in the STITE project is to obtain a pragmatic under- 
standing of the process eirployed by science educators in developing and 
structuring science learning materials. The major component of the 
strategy used to tackle this task will be a descriptive analysis of the 
existing learning systems through the following sequence of actions. 

1. Investigation of the ^^Socratic*' sit\iation in the teaching- 
learning process. 

2. Analysis of the process of developing materials (course 
preparation, course development), 

3. Description and design of progrcunnx^d insttxictional materials. 

4. Analysis of computer assisted instruction. 

5. Analysis of audio- visual tecluiiques, 
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The teacher starts his lesson by presenting a stimulus to the student 
which will provide sufficient challenge* This will cause the student to 
call an his ntemory and his capacity for analysis, and so evoke an overt 
response. This response is fed back to the student's memory for future 
reference and serves as a form of partial reinforcerrjent. At the saine 
time, this should be noted and evaluated by the teacher who informs the 
student wiiether he is right or wrong, thereby providing additional rtsLn- 
forcement. 

After this evaluation, the teacher must consider the next step in 
the presentation of the lesson. Calling upon his previous experience of 
teaching the subject , he may decide to change his original teacliing plan 
because of the nature of the student's response, i.e., he nukes a tactical 
decision whidi he relates to his strategic plan and which produces the 
modified second stiiiulus. This appropriate stimulus is presented to the 
student and the cycle is repeated. The teacher should note in his own 
mejTory the subject. 

This simple analysis, leads to an investigation of a more general 
concept, that of course development. It should be noted that if a teacher 
has a number of students in his class it will be virtually ir/possible foi-' 
him to arrive at tactical decisions which will satisfy the needs of each 
and every student, for the situation of one slTident - one teacher rarely 
exists in nonrul classroans. This leads to an investigation of the 
various tediniques that are devised to irrprove the settiiigs with Icirger 
groups and subsequently to analyze the various teaching devices that have 
been designed to ijiprove the learning process. 

III. Ttg PROCESS OF DEVEIjOPKJG SCm^CE UmNING I-IATERTAl^ 

1 . Coui-<se Preparation 

T\\e most appropriate vinit of science learning rraterials is the 
course. Several attenpts to define the "courGc" have been nvide: M. Ei^aut 
[Ref.i|],for cxajnple, defii^es it as ^'a sepcirately time^tablcd or separately 
assessed teachin^^-leaining ujiit occupying fran one-half to one-quarter of 
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a student's time over one> two or three terms.'* Others define it as a set 
of units v;here a unit is an integrated part of infonnation which can be 
studied and assimilated by the learner over night. 

The STITE project approach will be to consider the course as a 
system in which students, teachers, and learning materials interact and 
to define the course development as a process of optimization of the 
system. 

Before aneilyzing the system, ^ntion should be made of the most 
common leaiTi^ing "experiences'^ that are used in course planning: 

1.1 Materials: - textbooks 

- supplemental required or optional 
readings 

- current periodicals 

- syllabi 

- slides 

- films 

- tapes 

- recordings 

- television 

- programmed nnterials 

- conputer assisted instructions 

- lectures 

- discussions 

- demonstrations 

- problems 

- individual conferences 

- seminars 

- guest speakers 

- telephone interviews 

- readings 

- problems 

- papers 

- oral reports 



1 • 2 Instructional 
Methods : 



1,3 A53 si [px'^i^ints : 
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1«4 Activities: - laboratory 

- field trips 

- observation 

- ijitemships 

- work experience 

- travel 

- public lectures 

1.5 Evaluatioi 

Methods: - objective tests 

- essays 

- papers 

- reports 

- participation 

- self-evaluation 

Obviously no one course of the corrrron three-to five-oredit vai'^iety 
extending over one quarter or one serr>ester can effectively errploy all the 
preceding elejnents. Moreover, the choice of experiences imde by the in- 
structor is often related to his own activities and ideas rather than to 
the objectives of the course. Thus as far as "course preparation" is 
concerned there is not a systerratic way to analyse it and to devise a 
prototype; £lL1 that can be gained is sorne insight into the teaching- 
learning process. 

2. Co ui^e Developmc^nt 

In considering the course as a system and in defining the 
course development as an optimization process, a natural question arises 
here: what is to be optifuized? The answer will const iiaite the prupose of 
tlie present section, The system being considered is an input-output sys- 
tem with a very complicated fmctional relation from input to output* 
Specifically tlu'XBe types of input can be defined. 

2.1 The student input defined as a set of definite char- 
acteristics in terns of knov/lcdge, abilities, and attitudes. 
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2.2 The teacher input defir.ed as a set of definite char- 
acteristics in tenns of knowledge, abilities, e>q:>erience and 
record. 

2.3 The material input defined as a set of constraints or 
conditions on the expenditure and level of learning rate rial. 

Clearly, none of these factors is likely to be totally predetermined. There 
is usually sonie scope of adjustment, and the iinplication of this is that 
any attempt to define the functional relation vMch exists from input to 
output ill an input-output system will fail. 

Ihe output shall be prirrarily what students can do at the end of 
the course. 

It should be noted that the question of optimization is relative in 
the sense that there are usually a number of alternatives: one may aim to 
iiipix)ve effectiveness by improving the student's performance at the end of 
the course; one rray aim to ijTprove quality by raising tlie level of the 
objectives of the course; or one can iirprove efficiency by reducing costs 
and maintaining the same out-put. The best policy is usually to set general 
guidelines for optimization at the beginning and to choose the appropriate 
at-tributes according to the final objectives of the course (without urden- 
estirnating the rxiquirt?j;>3nts of the following course when applicable). 
Moreover, assuming that an appropriate plan of action has produced vei:^ 
sion of a course, the next step VTOuld naturally be to evaluate and feed 
the infonrtation obtained from t^ryouts into a revision process. Conse- 
quently evaluation procedures must be used. Ther^ are several evaluation 
procedures, a/ncng whid^ are the fonnative evaluation [Ref. lOj, and the 
sumri-ative evaluation. In for formative evaluation the errphasis is on ob- 
taining the }di^d of ir^fonpation wliicli leads to improvcTOnts in the quality 
of the final version of the com^se, v;]vile in tlie sunmative evaluation tlie 
empliasis is on totals and counts. In other worxls, one is rrore interested 
in the re^ison v;hy a studei^t failed to grasp a concept than iri precisely 
ha; nvmy stijdex;ts failed to grasp it. 
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3, The Design Prxxiess 

The following fla^chart suimnarizes the main stages of the course 
design process: 
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A beginning is made by investigating the inputs (the student input 
and the course input) and by specifying the intended outcones of the course 
and what is to be optiraized. Then a process of evaluation is selected and 
the one used will be the foni^tive evaluation for at least sane parts of 
the course* This conrnitrnent to fornvative evaluation is necessary for the 
development and iiiprovenv^nt of the course* 

New that the system is oonpletely defined, the objectives of the 
course, are specified, an appropriate set of methods of assessment is 
selected, and a more precise analysis of the st\ident input is made. Sane 
testing of students to see what knwledge and abilities they bring to 
the course may be necessary. The the main teaching problems in a course 
are defined, and an estimate about which areas of the course are likely 
to cause the greatest difficulty is projected* 

Follc^;ing this problem analysis, some strategic decisions have to 
be made. The course should be subdivided into parts with a definition of 
the intended outcome of each part. Broad decisions about the type of 
experience to be used in each part of the course must be made, and these 
decisions obviously depend on tlie nature of the course, ai the instituticxi 
vAiere it is offered, and on the facilities available. 

New the previous precedure is applied to each part. Finally tlie 
whole course is assembled, tried as a v/hole, ard irrplemented if the tryout 
is satisfactory. If the txyout is unsatisfactory, the process may be re- 
peated. (Clearly the cost factor plays as important role). 

3,1 Further Specification of Inputs - At the academic 

level, not all sloidents entering a course 

will have the same capabilities and the sexoa back^^^round. For some 
courses this is not significant, but for others a precise knovjledge 
of strident input is sometimes necessary to obtain the appropriate 
evidence. It is pai^iralarly imix^rtant in this context to avoid 
making t)ie usual assumption that iHl students should be requirod 
to go ttirough all the cou-t^e. Fitting a coui-^e to the average 
student can soDetimjs load to disaster: the be law- average student 
imy txi t>afflcd imd th.e above-average student m:iy be bored. It may, 
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however, be necessary to maintain a minirmi entry standard for a 
course, and this is one possible reason for instit\iting a pretest, 

3.2 Fijrther Specification of Objectives - This is a very critical 
phase of course development. It can be devided into three stages 
according to the three levels of objectives outlined by Scriven [Ref. 10] 

- the conceptual level: the level at which discussions of 
breadth versus depth and knowledge versus comprehension are 
carried out and the structoire of the course is outlined. 

- the rnanifestational level: concerned with ways in which a 
student's achieveir>3nt of an objective can be demonstrated. 

- the operational level: defines an objective in terms of the 
precise means by wl-iich it is to be assessed. Objectives at 
this level are called "behavioural objectives" because 
ultiirately objectives can only be assessed by observing soiie 
aspect of a student ^s behaviour. According to Mager [Ref. 7], 
the characteristics of a behavioural objective are as follows: 

a. Specification of the kind of behaviour vAiich v;ill be 
accepted as evidence that the learner has achi.eved the 
objective . 

b. Description of the important conditions under which the 
behaviour will be expected to occur. 

c. Description of ha*; well the learner must perfom:i to have 
his bcliaviour considered acceptable. 

3.3 Problem Analysis - In this stage v;e try to locate areas of 
the course v;hich aixa liicely to cause problems for teachers or students. 
Souix:e5 of infonrjation on likely problej:r\s include research litera- 
tur>e on teaching and leainingj pixivious jx^rforrriance in the course 

or in sirailat"* courses, and expeiuence of other institutions. 

3.'4 Strategic Decision - Ti\ey include a desd-^ipticn of the 
teaching methods to be used and the learn ijig iraterial to ho develo[x?d. 
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IV, PROGRAf-lMED INSTRUCTIONAL MATERIALS 

Programned iristruction is coming to be regarded as a nieans of allov;- 
ing user^ to achieve inportant instructional objectives without the necessity 
for the instructor's personal intervention as a ''dispenser of knowledge." 

The following aspects of the topic will be examined: 

- Characteristics of the process itself. 

- Process of program development, 

- Some types of programming strategies, 

1. Programmed Instruction - A P r ocess 

A process can be defined as a controlled sequence of events 
leading to a desired outcome. Programmed instruction is a process. It is 
a sequence of events leading to a set of desired instructional outcorres, 
each tims the sequence occurring as designed. In fact Markle [Ref. 13^ de- 
fines instructional programs v/ithout reference to format: "We define an ^ 
instructional program as a reproducible sequence of instructional events 
designed to produce a measurable and consistant effect on the behaviour 
of each acceptable student . . , , Such a definition specifies neither the 
medium of presentation nor the theoretical psychological principles 
goveniing program construction." 

Perhaps here progranrned instruction should be coripared with 
ordinary instruction. 

Accord-ing to Corey [Ref. 1], sir^ce programmed instruction refers 
to a vjell-disciplined and experimental approach to the development of 
insteinces of systens of instruction, therc arc several characteristics of 
thir; discipline imd experimentation tl^at depeal' fran most instances of 
instructional planning. Some differentiating characteristics are the care 
and explicitnoss v;ith v;hich tlie behaviors intended to be the outcomes of 
instruction are de merited, tlie psycl^o logical sophistication of the analysis 
of these bel^aviorc, and the oxjeriir^-uital^'ipr^i^^^^'^ to sequencing the elaments 
insulting fix)rn this analysis for instructioivil purposes » v;ith vigoixxis 
attention to empirical evidence for iirj^rovii^ig the inst motion. Another 
characteristic of i'ro^;ra'rj:i:id instruction is the carcful devclopmant and 
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coitrol of the instr\iction stimuli or the instructional environments. More- 
over prograj^ined instruction is planned to procure a continuous and explicit 
response or activity on the part of the learner under circumstances that 
allow him to kncv; at cnce whether or not his responses are appropriate. 

T\K> additional characteristics of most instances of programmed 
instT^uction have to do with the difficulty of the behaviors (standard or 
JLevel of performances) being taught and the relative self-sufficiency of 
the instructional program in bringing these behaviors about. 

Of course, mcmy of the more familiar types of instructional 
rraterials also have some of these characteristics. Textbooks, for example^ 
are usually carefully planned and developed, they lead the user from sirrple 
or kna';n concepts to those more complex or sophisticated, and they facilitate 
soice^ seLf-instructi<xi. Hov/ever, the program is designed to develop student 
behavior; the book is characteristically designed to present a given sub- 
ject in more or less depth. The program is tested and modified until the 
desired behavior is achieved on the part of the student; The book is 
modified until either, colleagues, and publisher are pleased with the 
content • 

Some advantages claimed for progi^ammed rraterials are that they 
permit individualization of inst-ructicn , can reduce the amount of time re- 
quired to teach, can irnj^rove the level of perfoiTnance and reduce the 
incidence of failure among students, and permit assessrrr^nt of reasons for 
successful and unsuccessful experiences. 

2. The Process of Progr^am Development 

As a minimum, seven basic steps may be seen as required in 
developing effertive programrcd instructional rraterials. Itiey can be 
diagivi}.icd in tl'ie folla^;ing v;ay. 
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Thus the steps, in their usual order of occurrence, are: 

2 A Analyze and specify intended results - Define the scope of 
knowledge to be acquired by the student and the details of the 
task he must perform after instruction. 

2.2 Analyze and pretest the student population to be taught - 
Find cut who they are and what they know and can do before ex- 
posui^ to the instructional program. This data should include 
their physical characteristics and abilities , previous education 
motivation J interests, attitudes, biases and pi^j\idices, and 
specific prior knowledge regarded as relevent to the instruction 
ahead. 

2.3 Develop and write dov;n appropriate instructional 
objectives - These should be clear statejnents of instructional ' 
intent characterized as follcws: 

- good objectives say something about students. 

- good objectives describe the behavior or performance 
of users. 

- good objectives deal with ends rather than means. 
They describe a product rather than a process. 

- good objectives describe the condition under which users 
will perfom the terminal behavior, (open book or not, 
for example) 

- good objectives include information about the level of 
perfonnance to be considered "acceptable." 

2J\ Specify the criterion tests - Criterion tests are con- 
structed solely from the objectives. Their purpose is to determine 
ho; well students perfonn at the end of instruction with respect to 
each important objective. 

2.5 V/rite the pro,,ran\ - Develop details of the pix)gram in 
vn?iting as a plan based upon all tlie foregoing and folia-zing pro- 
ccdurer>. A rrajor task connected v;ith this step is that of 
select ii^ig or developing appiX)priate learning i["X2Sources (such as 
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prograinrned books, ordinary books and other printed materials, various 
non-book media, fii^sthand experiences) and organizing their use to 
achieve objectives of the program. 

2.6 Evaluate the success of the program - Conpare the final 
perfonrance of each student with criterion rneasures suggested for 
each inportant objective, under the circumstances and within the 
levels of acceptability prescribed. 

2.7 Rev?ork and improve the program Ihis is a continuing cycle 
of activity whidi will involve further work with all aspects of 

the program - delineation of objectives, clarification of criterion 
tests, revision of program content, development or selection of 
improved learning resources, and better means of evaluation. 

The following flow chart, constructed by the National 
Society for the Study of Education [Ref . 1], shews the numerous 
points of decision and testing involved in the empirical develop- 
ment of complex instructional programs. It also emphasizes the 
definiteness of intended outcomes as well as the structured natxire 
of the process itself (one step leading to the next, recycling as 
necessary to iirpiX)ve the product until it reaches its goals). 
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3, Types of F^grarrraing 

The knwn types of prx>granirriirig can best be classified in two 
broad groupings: 

3.1 Linear Progranrdng - A linear program is one in which the 
sequence of information presented to the student is fixed; that is, 
all students are given the sarne stijnuli in exactly the sarne sequence, 
TVjo kinds of response have generally been asked for in the linear 
program. 

-A written or button- pressing indication that a correct 
answer has been recognized (e.g. rnu It iple- choice item) 

--A written indication that an item has been learned or 
understood. 

(These linear program patterns have a historical base*in 
the early work of Si-dney Pressey and the more recent work of 
B, F. Skinner). With both kinds of linear programming, 

all students are required to oc^plete the same items in the same 
order of progression through the program. Ijeaming tasks are pre- 
sented in small steps and vath a lar^e number of learning cues. 
Ha-Tever, the ultinv:ite objective is to use as few cues as possible 
and to force the staident to derive his ansv;ers from vmderstanding 
the frames. Reinforcement of correct ansv;ers is tine priir^iry 
concern. The program must be conpletely se]JF-contained and ade- 
quate to carry the student from start to finish without aid fron 
other sources. In linear progi^amrnang, adaptation to individual 
differences is not carried out by the prcgram itself, but rather 
by allowing each learner to take whatever amoant of tijne he 
requires to corrplcte it. 

3.2 Adaptive ^Yograjiming - Here the presentation sequence is 
ajusteci on the basis of what the student does. A program, m^y be 
desig]ied to be irure or less adaptive; it mny select the next pre- 
sentation itam on the Ixisis of stiidoi^t's response to the previous 
one or on the Ixisis of his responses to the last several items. 
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Adaptive programming provides for individual differences* 
One form of this type of px-ograjiming is called '^branching^' (deve- 
loped fii^st by Crcv;der [Ref. 4]» With the branching pattern students 
are required to recognize and to choose correct answers if they are 
to proceed without "releaming detours'' (corrective assignments) or 
if they are to skip program portions for v/hich they already possess 
sufficient skill or knwledge. Branching programs are provided in 
books, "scrambled books" or on machines (utiich use filmstrips and 
present information and tasks on individual frames). Either way, the 
student responds to a question and isldirected to another page or 



frame where this response is evaluated* Ihere, if his response is 
correct, he is given further infoimation, usually including some 
explanation of V7hy he was wrong. He may be told to return to the 
original page and t-ry again, or he may be asked to go to a new 
page for more inforrration before t-rying a somewhat different 
version of the same question. 



or "wrong." Some questions or problems call for opinions or trouble 
shooting decisions and so have more than one appropriate answer. In 
the event that responses reveal seme fundamental lack of knowledge 
consideix)d necessai'y to proceed v;ith the program, students may be 
subsequently "branclied" into side studies to prepare them to take 
the next steps in the ";rain line" of the program* 

3.3 llie Evolution of Programming St^rategies - The following 
graphical outline suggests the idea of adaptability of a program 
and the i^son fox^ different progi^am presentation liiethods. 




Branching questions are not always dichotomized as "right 
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1 Most 
^ Adaptive 



Conputer 



Electxxxrechanical 



Mechanical Teaching t^chine 



Printed Paper Progi^am 



Teacher Lecturing 



Highly Adaptive-sensitive to content 
responses even possibly to personality 
or to physiological responses 



Brandling- Limited adaptive based 
upon 2 or rnore responses 



Brancl-iing-based upon single previous 
responses; or linear program holder. 



Branching or linear, as imrrediately 
above. 

Normally linear, with nvunerical 
feed back and adaptation 



Least 
^ ^ Adaptive 

Fig. 8 

3.4 Teaching with ProgramiDed Materials - It is reasonable to 
expect that all teacliers ought to be prepared to learn how to use 
prograinmed rraterials selectively, to learn to capitalize on the 
specieil advantages of prograjmned instruction, and to be guided by 
the knowledge that the primry aim of programri^d instruction is to 
inprove learning. 

V. C0HI\7n:R - ASSISTCD INSTPsUCTION - CAT 

1. lypes - Caiputei>-assisted instruction has multiple definitions 
vAiich are related to a variety of applications of such systems. Perhaps 
the best functional definition vjas derived by Suppes [Ref.ll],who identified 
three kinds of activities as comprising CAI. Ihese v.xBra namely: 

- Drill and practive activities. 

- Tutorial activities. 

- Interactive or problem - solving activities. 

Alrrost all indications affim that the pri-pviry area of interest 
hcis teen in the tutoricxl rrxje of instmjction, llus rrode clearly represents 
the type of teacliing v.hich is cuT^^:Jntly available in p]X);^ra^nnnd instruction. 



ERIC 



92 



For exanple, a content area is systeratically analyzed and performance 
objectives are developed. The stxident receives all of his instruction in 
a particular topic via an interactive dialogue at the computer terminal. 

The second type of CAI, the drill and practice type of activity, 
is best represented by Suppes' activities at Stanford. The drill and 
practice nviterials contain information which the student has previously 
encountered in the classroom, but needs continual practice, immediate 
feedback, and repeated presentations of difficult iraterial in order to 
achieve these basic skills. 

The third area within the Suppes definition of CAT activities is 
that of problem solving. CAI problem solving involves the activities of 
simulation or gaming. Gaming and simulation are often used v;hen a student 
already has the basic information about a topic. The tudent is required 
to utilize this information in his interaction v/ith the corputer in order ^ 
to derive a deeper understanding of the concepts which he has learned. For 
exajiple, medical diagnosis simulation is a prototype of this type of CAI. 
Games and sijnulaticris are generally very difficult to program, and this 
area has prebably teen least investigated i^^ terms of its learning poten- 
tialities for the studeirt. 

2 . CAI in the Ijeaming Process 

Almost all opinions agree that the use of computers for iXBCord- 
keepijig of instructional mterials or even as aids to assist the teacher 
in doing time consuiaing tasks (gx\iding homework, exams, preparing grades, 
etc.) is not v;orthv;hile for a very sirrple reason: cost is prohibitive in <an 
operational setting at the present time. Furtl^ersnore the piX)blem is not 
to help the teacher but to enhance the chc'iiices of pmx>ting the learning 
process a:-: a v;hole. To v;hat extent one can cantj^ine effectively computer 
use with existing tcacliing experiences (corq^utei^based multi-media 
courses) for the purpose of ijriproving tl^c learning process is still in 
the reseaixh and/or developrrx^iit stages. 

HavH3Vcr, an experimejit in tliis area v;as canued out in Florida 
State Univci^sity [Rof . Gj^to detonrdne the useful asfx^^cts of the pixcess. 
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A physics course v/as choseri and the follc^ving actions were undertaken to 
transform it into a ca;iputer-based multi-media course. 

The lecture presentations of the professor viio v/as responsible 
for the classroom version of the course were video-taped. This tape v;as 
utilized to do an analysis of the content of the course and to determine 
the information which was being pi^esented to the students. Copies of the 
course tests were secured, the types of skills wliich were required in order 
to solve the questions in these tests were analyzed, and the homework pro-^ 
blems which the students were required to do v;ere also analyzed* 

A series of CAI homewoxi< review problems was set up and made 
available on an optional basis to the students in the regular physics 
course. The students were offered an opportainity to get homework and 
test- like questions which were similar to those tliey would be receiving 
on the test. The conputer supplied answers to the questions as well as 
rejiBdial feedback and reinforcement. 

A great deal of data was gathered and the video tapes were 
used to go about the development of the individual lesson sequences. It 
was decided to make the CAI physics course a m^alti-media oourse, i»e., not 
to depend solely upon the computer as the presentation device, but to take 
advantage of filia loops produced in experiments usually carried out by 
the instructor in the classixom, the audio tapes which were compressed 
versions of some of the lectiire presentations, and the textbook which 
the students v/cre required to read prior to stcirting a lesson. 

TJ^ie CAI system itself v;as used for mcnitorijig and guiding tJie 
students throughout the lessons, for contimuilly reviewijig their pro- 
gress in both the testing and reviev; mode, and for providing remedial 
infonration to them. Ihe efforts of several professors fraa the physics 
depcirlinent 5 were combined vdth that of several ^'coders" (ex{:)erts in the 
CAI language utilized by their cornjuiter) and progrfimrrers to develop and 
caiiplote the v:holc system. Finally, proctors wore used to v?ork witla 
st\idents anci to help thiCm. 
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The outcone of this first study was a significant superiority in 
the final grades of the students who took the course by CAI as compared to 
a matched sanple of students from the conventional course. ITiere was also 
a considerable time savings* 

3. Conclusions About CAI 

A careful analysis of the preceding activities and of the results 
obtained reveal the follO'/ing propositions about CAI course (curriculum) 
developnnent: 

3.1 The systems approach to the development of instructional 
materials is intrcduced as a model (Dick's) [Pef, SJ^and summarized 
in a flo-/ chart. The steps in the model are: problem identification, 
analysis of the task, knowledge of the student population, f emulation, 
of behavioral objectives on the basis of the behaviors expected of 

the students on the tests, specification of the instructional strategy, 
media selection, field testing, and finally the formative evaluation. 
Here the similarities beti^/een thir model and the steps specified in 
the section titled '^Course Development" should be noted. 

3.2 llio instmctional model employed above vias derived from the 
results of niciierous ix^scarch studies [Ref. 6]jConducted at the CAI 
Center cit Florida State University and elsewhere, which seem to 
indicate tlvil v;ldlc t\itorial CAI is an effective instructional 
strategy, it is unlikely that it is going to make a significant 
impact on ecluccition hocause of the cost associated with one student 
ulitiziix^; a tcnriinal for relatively long i)eriods of tim.e during each 
instructional ser,r,ion. llierefore, other types of computer strategies 
(sinulation, on-^line problem solving, CMI) should be investigated to 
detenrujie the role they can play in education, 

3.3 llie liigher the terminal criterion performance expected of 
the stxidcnts for v;hom the materials are pr^x^pared, the n>orc difficult 
v;ill be the prograj:mijig of the coui^so and the moiX3 canplcx will 

the instructional strategy, lliese complexities will complicate the 
development of instructional materials. 
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In conclusion, CAI is a tool vAiich should fit within a 
curriculum and within instructional setting. That is, it should 
not carry the entire instructional load but should be part of a 
multi-media resource. One concept to keep in mind, however > is that 
the greater the variety of media v^iich one chooses to employ^ the 
more canplex will become the logistics for the student and the more 
difficult the total imi-^lementation process. 

Finally, the very nature of the CAI systera makes it a very private 
learning situation in which the student can nnke numerous mistakes and the 
computer will continue to provide him with the type of material which he 
needs in order to master certain basic skills. The same sil-uatioi repeated 
in a classroom could be ejrfcarrassing and humiliating. Moreover, the com- 
puter has infinite patience and can even be supported in its interacting 
with the student. 

VI. AUDIOVISUAI. TP:a^lIQU}:S 

III this section the use of audio visual techniques, their research 
evaluation, aiid various theoretical interpix^tations of tlieir significance 
will surveyed. I'he tediniques of educational broadcasting, particularly 
tlio use of educational television will also be considei^ed. Tne main pro- 
blcjris and challei^ges of audiovisual education today revolve arx^und the use 
of television, viliich not only constitutes a new and impoi"l-c'int technique in 
its ovm rig^it, but also sewes as a meoiis of utilizing and integi\itiag 
all other fonr^ of audiovisual instriiction. 

1 . FiClucaticrMl S i pnificance of Telev is ion 

All indic^itioiir; arc that x\-idio brocidcasting orginated in educa- 
tional pur]X)5es5 but v;hile educational radio has extended universit-y in- 
fluence in several six3cial areas, it has not influenced classixx^m teaching 
tediniques to any great extent. On tlie other hand the educc'tional signi- 
fia-yice of U^lcvinion v;as reco^^Tii^.ed frem its inception, but the costs in- 
volved delayed its cU)]^lication to educational puiyosc^>, Hov;evcr, with ncv? 
.recorxluig tediniques, it iii no loiif.er the cost factor tliat is delaying tlie 
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use of educational television but the inportance given the corputer in all 
research in science education. 

Educational television rnakes use of two types of iTansmission: brx>ad- 
cast or opeii-circuit 5 and closed-circuit. The latter uses closed-circuit 
caiiera-monitor chains linked by wire and is less expejnsive. Color televi- 
sion and stereoscopic television have limited use in education. Color 
scrnetirnes is used for medical and biological derronstrations, and ster<BO- 
scopic displays are valuable hi training remote control techniques. Tele- 
vision recording capabilities make possible the storage of unusual deiron- 
strations for instructional use, and iiranediate playback of a televised re- 
cord is valuable in training in complicated or dangerous skills. 

Educational television is a natural medium for many specialized demon- 
strations of laboratory, therapeutic, and medical proceduixis, Hwever, much 
educational television teachiiig is conventional in nature, following 
established procedures of lecturing v;ith coordinated visual displays. 

The point has been made earlier that one of t?ie rx)St significant 
characteristics of television as an educati.onal medium is that it can incor- 
porate all other forms of audiovisual display ^ i.e., any type of visa<al or 
auditory nnterial can be transmitted by means of televi.sion. There is a 
teaching system called ^'telemation'^ v;hich does indeed incorporate all audio- 
visual tecfu-iiques but in a somev/hat more elaborate fashion than tliat pro- 
vided by television alone. The main purpose of telemati.on is to provide 
four or five sources of auciiovisual stiirrulation to the sl-udont automatically 
and, if desired, simultai^eously . Telemation has been referred to as an 
autarvatcd classroom. Tl^e audiovisual equipment is: t\K> slide projectors, 
a movie projector, a taj.e recorder, telcprompter units, an opaque pre- 
jector, a four-spea};cr so\n^d system, contrelled lighting, a television 
prejector, cUid aji elalx^raie system of electi-onics to contiX)! all these. Ihe 
cost of nodifying a cleissroom and installing the equipment is quite high. 
Moreover no educational advanta^',e has teen achieved with tl^u telojn.ated 
classxx)aii t]iat could not have l oen gddned willi siapler equipix^nt at a 
fraction of the cor^t. 
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Finally the commDn motivacional interpretation is that audiovisual 
devices function as aids to learning by arousing interest and orienting 
the student in the right direction. 

2. Evaluation of Audiovisual Leaniing 

I'he Toain results may be suinmarized as follow-: 

2.1 St^idies of the motivational effects of films and graphics 
have had inconclusive results, TTiere is no conclusive evidence 
that interest in instructional rnaterieils correlates highly with 
their teaching effectiveness. 

2>2 Audiovisual techniques in conmon with other instructional 
methods have very specific learning effects, Filins may be equal or 
superior to conventional methods for some arec.s of learnings includ- 
ing ti^aining in perceptual-motor sk.il Is. Tape recorded lectures nvay 
be as effective as live teaching for limited purposes. 

2.3 The audio channel is more effective than print only for 
poor readers or v;hen the material is easily understood. Evidence 
indicates an advantage for coiibined chaiTi^els over a single channtd^ 
although the diddition of pictorial raterial to verbal sometirrr^s 
retards leaiTiing of the specific items used. 

2.4 Ev£iluation of audio- visual instructicn ci^e hampered by the 
fact that there a:^ no adequate tests of nonverbal learning. Verbal 
tests favo:^^ verbal instruction and thus do not pcnait valid com- 
parison between verbal and nonver^bal iriedia. 

2.5 Tl^ere £ire no general ixil.es for sequencing demonstration, 
practice, and rcviev; units, Tlie opL'ional sequencxi appears to depend 
on the canplodty and intrir^sic organization of tlie particulai^ task. 

2.6 In general J active participation durin^^ film shov;ings aids 
lea>Tiingj but covci^t p£.:ticipation may just as lx:»neficial as 
ovcr'-t:. Audiovisual nuitcrials should 1x3 designed to elicit the 
desired rcspcnrofM either overtly or covertly. 
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2.7 Special embellishments of filrns and graphics do not increase 
learning unless they aid specifically in making inportant discrimina- 
tions or in proTOting understanding. Devices that call attention to 
inportant points aid leaining of those specific points. 

2.8 There are no significant differences between the effectiveness 
of television tead-iing and that of conventioral teaching, 

2.9 Although '^educational television'^ is judged to be an effective 
way of denx:)nstrating laboratory and other procedures, sor^e evaulative 
stud5.es have turned up no significant differences betv;een the achieve- 
nents of television and that of verbal laboratory instruction, 

2 , 10 The final worth of educational TV must be judged on the basis 
of what it can do better than other techniques. Its special features 
are rerncte transmission of audiovisual displays, immediacy, presenting 
demonstrations, expert teadiing and timely events, and recording and 
ret"rieval possibilities. 

VII. Tl IE SELJ--DISTRUCTIOM SYSITM, "AI.F'' 

1. Components of A Self- Instruction S ystem 

SlaiiXicka of Georgia Tech desci^ites a self-instruction system as 
a tutorial system diaracterized by the absejice of the live instructor as 
the dispenser of knowledge , 

The components of a self-instrucl:ion system are a structured 
meiiory and a pix>grammc^d prx^ceptor. llie inemory stores learning materials 
in a fonri suital^le for ti^ansmission and for perception by remotely located 
leainere. It contains learning units of variable length, stored in a 
form suital:>le for f)erccption by the learner tliroug[i his aural and visual 
senses, 'Die minimuin necessary storage includes the prijrary information 
contained in a blacJ-c bccuxl lectxare^ i.e., s^aichronix.ed narrative spx^ech 
ani kinectic graphics, Each *V-\udio~ graphic*' le£iinir^g uiiit is identified 
v?ith ivr.p^ct to its olr^ccti.vc (1 canning rP-^Dj '^'nd is linked to its pro- 
cedii\g prcix^quisitc unit or units. Ihus foi^ any given lecuning goal the 
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optimal, the shortest, and the alternate "lists'' of learning units can be 
specified. Additioncil description of learning units by subject permts the 
identification, via an index, of subject-related presertations. 

A progTranuiY^d preceptor controls the transmission. It is prograinnBd 
to transmit learning mterials fron mrmory to remote locations such as 
classnxxn and other types of conveniently located learning sites. 

The control over the system is partially vested in the programmed 
preceptor, and in ]>art it resides with the learner. User-imposed control 
over the syste'Ti is of 2 types. On-line control gives the learner the 
ability to star<:, stop and repeat a presentation and to jump at any time 
to any other leamir^ig unit in the system. Using these coTT.^ds^ learner 
can orient the selection of learning units offered by preceptor, and in 
such a manner participate, on line, in the design of his learning strategy. 
There is a second control mechanism which interposes between learner and 
preceptor the services of a hunan t^ator; it is tantamount to an appointment 
or a conference witl; a teacher pi-^ior to overriding the programmed preceptor. 
Incurred in this ty^ of contTx>l will usually be a tirre delay. 

The self-insliuction system operates in tv.KD modes, scheduled and 
on-damand. Scheduled operation is authorized by preceptor programmed to 
release a predetonained schedule of presentation, eadi running for a 
specified period of time to sjx^cific leamirig sites, and at specific times, 
iri the on-demand mode, preceptor receives and responds to requests for 
ti\*in Emission of randar. learnii:g units or uiiit sequences issued fraa open 
classrooms. F3oth n.cces of self- instTuct ion c^m serve, optionally, either 
group audiences (e.g. , a class) or individual leai'iier. 

T\\o se] f-:nslT\iction system can shcf^-ni scl:omatically as 
follows : 
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Memory 



LearTier 



Preceptor 



Oii"Llne ContTX)! 




Delay 



Fig. 10 

2 , /^iogj^ipjuc Ix^ aminn Fac ility (/vI.F ) 

2,1 Objectives- Uio Aucliog^raphic L/3anijig Facility is on 
G>:a:ap].e of a sclf--ixist-i:\iction system. The maixi 
objectives of the systen are: 



to define the minirriUin content of ncrnory necessai-y for 
adequate self- instruction . 

- to develop c. nodel of the so^ f-instniction pix^cess, 
and to describe its podarof^ic requm~^j::onts. 

- to dof:nc a unit of Joanunn raterials suitable for 
self-instr\:ctinn5 aiid to specify its content elements. 
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- to define the data elements required by preceptor for 
the pui-pose of designing and effecting valuable learning 
strategies under program or le<Jmer contix)!. 

- to store in memory a small subset of knwledge for ex- 
perimental self -instruction. 

- to design a physical facility permitting the demonstra- 
tion of self- instruction by group and individual 
learners , 

- to obtain gross initial indicators of the self- instruction 
system behavior > economics, and effect on human 3 earner 
and teachers, 

2.2 Characteristics of ALF - Tlio main characteristics of ALF 
are its storage of narrative speech and line graphic "blackboards^ 
lessons as the modular contents of memory^ and its capability of 
actively involving learners in the design of their learning 
strategies. The con^nunication betveen preceptor and learner and 
the transmission of audioj^raphic learning materials employ standard 
telephone lines. 

2.3 Conclusions - The, analysis of the AIJ reveals the following 
conclusions : 

- the lemming materials stored in audiographic form con- 
stitute a significant improven^nt over average live class- 
room instruction v;ith respect to the folla-;ing qualitative 
factors: organization of the subject mterials, clai-it-y 
of presentation J and economy of tdjne. 

- devd.ces -md de scriptors can hx3 devised which cumula- 
tively canprise a dyndurdc, relational ir^dex to the logical 
and pedagogic structure and to tiie use of large bodies of 
substantive knov;ledge stored in tlie system, 

- devices caj\ be devised and included in the meix>ry of the 
system to facilitate Icaninng diagiioses cind self-testing 
by learner. 
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- the joint use of these devices and the preceptor's record 
of the structure of the stored knowledge enables the 
learner to fomulate and i^vise on-line^ efficient, and 
effective learning strategies, and thus to conpensate for 
the absence of a human teacher in self-instruction. 

- the development of the memory contents is highly economical 
in coiparison vrLth other media of instruction, both live 
(classroom teaching) and recorded (television, programmed 
and computer-assisted learning) ; the preparation of a 60 
minute audiographic lecture, including the organization 
ai^d recording of materials, requires approximately five 
man-hours of effort* 

- initial reactions to the ALF by stvidents and faculty are 
not discouraging. 

VIII. COMCIJUS ION 

Ihis report is concluded v;ith a tentative mtrix, v;hich shows in 
its entries tJie possibility of using the outputs of the existing ii^forrna- 
tion centers in the design of Inputs to ttie teaching devices ali->eady 
considered. 

Cleai'^ly, a rrore detailed study of this matrix is required (classi- 
fication by subject matter, level of difficulity, etc.) to obtain an analysis 
of the potential ijifonnation requireirents for new educational tools and 
systems . 
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PART FOUR 

DESIGN .\ND OPERATION OF TllE STITE SYSTEM 



EXAMPLES OF FEATURES OF STITE AND TilEIR POSSIBLE USES 

1. Searcliing Functions 

1.1 Simple information retrieval, facts, specific knowledge, 
tables, materials, chemicals, temperatures, etc., as re- 
quested from outside or as supporting processed request. 

1.2 Literature or research report retrieval relevant to 
certain topic, list of existing courses at universities 
or otlier schools, lists of lectures, actual or planned 
for future. 

1.3 Special lists of new information available. « 

1.4 Lists of knowledgeable professionals available for direct 
requests, discussions, or advice and arrangement for their 
communication, including voice, picture, and drawings, 

1.5 Existing methods or programs available commercially, or 
available through agreement with public or private owners. 

2 . Switching Functions 

2.1 On-line demonstration at site, SI, based on materials o\med 
by site, 52. 

2.2 On-line live demonstrations of unique biological, medical, 
physical, chemical laboratory experiments or rare experi- 
ments and procedures » 

2»3 Live lectures of distant lecturers, classes and group dis- 
cussions by remote participants, facilitation of partici- 
pation in problem solving processing for remote partici- 
pants . 

3 . Int ernal Features 

5.1 Course design - automated grouping of subjects into sub-topics 
based on the material, knowledge of the class, intentions, 
etc. J auvl course updating with new information. 
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3.2 Demonstrations prepared from retrieved materials, films, 
special formatted data, gx'aphs, and closed circuit TV tapes • 

3.3 Semi-automated or fully automated preparation of quizzes 

or tests, their evaluation, recordings, statistics, and grading. 

TI IE TEAC[1l:R:S ROLK IN USE OP STITH SYST EM 

With the increasing po;v^er of the STITE system to provide information 
to the teacher and making much of that information directly available to the 
student as well, the role of the teacher in the educational process will 
gradually change. The uniqueness of the educator's loiowledge will be aug- 
mented by his access to STITE. On the other hand, however, automated search 
and retrieval transmitted directly to a student will eliminate the necessity of 
the possession of tliat knowledge on the part of the teacher. In more 
advanced uses of STITE the teacher need not even be fully aware of the exact 
information being transmitted. 

A two way shift of the role of the educational process can be envisioned as 
a result of both increasing power and use of STITB. In relation to the student, 
the teachers' interface will be gradually described more and more in terms of 
advisor, planner of education, manager of educational process, or strategist 
of education, rather then being the direct transmitter of the specific knowledge 
and experience as it is today. 

In relationsliip to the educational process, the teachers' experience 
in research and in educational methodology will be utilized more toward improve- 
ment of the STITE system and less toward direct work with students, thougli the 
.latter probably v;ill not be completely eliminated. Improvements in the methods 
of presentation of the transferred material and in the degree of sophistication 
of material will require that the personnel in cliargc of those improvements bo 
at least on the level of today's educators in terms of their kjiowledge, educat- 
ional expcrici\ce, and rescarcu qualities. 
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nr. OPE RATIONAL SCilBIB OF STITE 

1. Defirtitions 

1*1 STLTE system - Scientific and technical information ti^ansfer 
for education. 

1.2 Request (RT) • A task directed to STITE by an Educator. 

1.3 Request schedule (RTS) - A schedule which is a result of 
the first operation of STITE on the request (RT) and which 
lists necessary activities and their sequence. 

1.4 Process for development of the schedule (PRTS) a schedule 
under v/luch RT v/ill be processed, listing future activities, 
their sequence, and conditions for their imple.r.entation. 

The process, PRTS ^ can be performed initially as human activity which 
will later be made a r^an-Tiiachine interaction and finally fully automated. PRTS 
has to decide ti^c activities necessary for complete processing of the request 
such as; 

-input formation. 

-request for certain information. 

-request for help or human intervention. 

-order in which the activities arc to be performed. 

-conditions if more than one activity precedes. 

-que information as to the importance and urgency of each activity. 

2. Description of Sclieduling Techn ique 

The sclKchiling tcclmiquc v;ill be similar to PERT-system scheduling, 
or the PfiTRI - a systo]! in which a collection of activities is prepared and a 
nct\/ork is created sliov.'ing v;hich activity and under what conditions tlic system 
can be activntod. Ihe scliodulc is made in the form of a directed graph where 
nodes arc xho activities and arrows snov; thci.r ordering. Any activity can bo 
started if, and only if, all activities of proceedings Jiodes have been successfully 
finished. 

For example, let A,, A^, and A., be activities ordered by the graph. 
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Let A^, represent accomplished activities. Tlien activities that 

can be started at any future time are A^, A^, Ag, while A^^ still has to wait 



for Ag. 
Let: 

A = set of all activities 
Aj^ = activity k 

A-^, b = l,2,,,b = set of all immediately preceeding activities Aj^. 

0 = value of unfinished {started or not started) activity 

1 = value of finished activity 

Then the condition for starting activity A^ is: 

n A^^ = aJ . A^ ...A^ = 1 (Ml) 
for networks with one alternative schedule or * 
LUk^ = 1 or B(A^) = 1 (M2) 
For networks that contain no re than one alternative schedule, where Z, n, 
B stand for Boolean sum. Boolean product and Boolean expression, respectively. 

Assuming that thexo are also external conditions Cj^ for the initiation of 
Aj. (e.g., the centre that is to be interrogated by A^ will be closed next month, 
etc.) and that each condition C . m = l,2.,,m described as Boolean 

variable where: 

= 0 = condition is not satisfied 

m 

= 1 ~ condition is satisfied 

m 

C. = B(C^) is a Boolean expression describing outside conditions for 

initiation of Aj^. 

then (Ml) is replaced by 

11 \ . Cj. - Aj A^.-.A^ . BCcJjp = 1 (M3) 

for one altcrjmtivc sclicdulc and (M2) is replaced by 

Stt . H^^ ■■ 1 (M4) 
for multi alternative schedule. 
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Regarding the activities as Boolean variables offers adequately powerful 
representation of the graph (with all alternatives) e^nabling representation 
of the graph in the form of Boolean conditions and use of the graph for control 
of the corresponding start of activities in proper order. 

In case of an alternative schedule, strategy must be determined which will 
decide when and how aveilable alternatives will be chosen. Examples of the 
strategies : 

-try less expensive alternatives first 
-try the fastest alternative first 
-follow all alternatives at the same time 
and stop wlien first one is implemented. 
.l\vo alternatives will be followed in our research: 
-representation of tho whole schedule in 

form of BooleaJ^ condition suggested above* 
-representation of the schedule in graph- 
table with conditional transitions. 
After both approaches have been studied in detail and carefully evaluated 
the selection of the appropriate approach or combination of approaches for the 
STITE system will be made. 

3. Chcuipe iji General Condition of STITC 

3.1 ^I\rpo of change - a number of types of general condftion change 
[GCCH] can be recognized. 

3.1.1 IntCjnal ciiajige - caused by time, derived from real time clock, 
moving aJicad hours, days, dates or any real time unit involved 
in the planning 

3.1.2 }:xternal cliangc ~ new information arrived at a terminal or 
message buffer and needs to be inserted into A for processing. 

3.1.3 Interaction requested from outside - STJTE system is to swicch 
to interacting node in order to interrupt processing, place thr 
request into Q \;it!i higl^est priority, or to parallel process 
for interdict ivc activity \;il!i no interrupt ioii of Q. 
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3*1.4 Interaction requested from inside to interface witli outside 

source or to deliver the generated data. 
3.1.5 State of Q - determines whether system is to be active or 

inactive. 

Activity Q is formed from all activities, called internal activities, 
that arc to be performed by STITIi. Regarding Q as a set of activities I to 
be performed, there is: ' {{I}} = Q 

Internal activities are: 

-request for processing: make the schedule 
-condition C has been formed: identify all requests 

affected by C, insert then into Q marked by C 
-condition C of the request has changed: mark ready 

activities for initiative, insert then back into Q 
-activity is to be initiated: check the conditions 

for initiation (whether cliangcd v/hile waiting in 

Q) , initiate the activity Q is empty: system 

inactive 

* 

Distribution of tl;e control among the levels is shown schematically in 
Fig. 4. It is a three level liierarchy governed by both internal and external 
conditions of STIll:. Conditions througli form state of the element 
that trans formes them into controlling signals for level L^, etc. 

It will have to be decided later uiiether or not interrupts generated in 
Lj and directed to'./ard L2 or L3 levels will be necessary or useful. 

The concept of hicrarcliy will likely be modified according to the centralized 
versus deccntrali::cd concept of STTTi:, or in consideration of otlier conditions 
uncovered by more detailed design. 
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3,2 Levels 

From the preceding description, a three level control system for STITE 
is envisioned. It will comprise mixed features of computer timesharing, multi- 
programjiung mid operating system. 

3.2.1 Level L^ : Processing of general conditions (GCCH) that are: 

-intemal change (clock), 
-exteiTial change (new-input), C2 
-interaction asked for from outside, 
-Interaction asked for from inside, 
-request for of lino output, 

5 

Level 1 brings the system into one of 32 states (m=I...2 ) where for 
each of them it will have to be decided what tlie corresponding activity of LI 
should be (i.e., if 2 and 3 conditions occur at tlie same time, which one should 
be processed first or differently than if it occurs alone, etc.) 

3.2.2 I^vel L^: It is assumed that one activity of Q can be processed 

at a time. T\\is is very likely true if the STITE system 
is a centralized system with one computer. 

It is anticipated, however, that the assiuiiption depends on the design of the 
system, where co^on Q can be created for more centralized or decentralized com- 
puters. Separate Q's for each decentralized site is also likely. Our level 2 
description is therefore more to convey basic ideas of the design approach than 
to make the decision on tlic concept at this time. 

Level L^ may consist of a simple or a more sophisticated operating system 
node in whicli activities stored in Q are retrieved, based on a conv^enient 
criteria [priority, operational characteristics recognized for that activity, 
otJier criteria), and processed, T\\o condition of Q creates an empty or a busy 
signal as a condition C4 for level • 

A siip.plified flowchart for level 2 operation appears in Fig, 13. 
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3,2.3 Level L^: Level L„ operation consists of the activities shomi 

on Fig. 3. 

-preparation of the preparation of the program P from 

internal libraiy subprograms 
-processing of 

-recording the location of generated data for the 
corresponding request 

-Generating new requests for activities that do not 
occur among the scheduled activities of the request 
(internal to the libraiy subprograms, i.e. if such 
subprograms has been used that requires additional 
activity) and inserting them into Q, if the new 
activity is to be handled by STITE or into external ^ 
Q called liXQA if tlic activity is to be performed as 
external to STITE c.g, request for additional infor- 
mation to an outside information center, where EXQA 
is a file for outside off-line comiiiujiication, 
3.3 Comparison with Existing Concepts. 

In comparison with existing concepts in computer systems, a 
loose parallel of the activities of tlie STITE system can be drawn as 
follows : 

-Level 1 ^ similar to a time sharing concept 
-Level 2 = similar to aji operation system concept 
-Level 3 = use of tlic concepts of automated programin- 
ing, possible multiprogramming for better effect- 
iveness in case STITE sliould become a large system. 



Using tiie interaal progrvim library, 

cr^te a program 

for the assigned activity A 



Process the 


program P^ 







Record the location 
of outpvrt data 
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Insert nev;ly generated requests: 
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external requests in the EXQ 
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IV, DESIGN COXCnPTS OF STITE SYSTfiM 

The design concept of STITE refers to the way in which units of the 
system, such as terrainals, processors, various t>^)es of memories, and its own 
data banks are distributed over the geographic area involved. It has been 
assumed from the beginning that the geographic area covered by the system will 
be hundreds of miles in node-to-node distances, rather than all units being 
placed in the same tou'n or even in the same building, 

Uhen such a large geograpluc area is to be covered by a relatively 
large system, problems arising from distances involved have to be resolved. 
For example, wliat t^^e of communication will be used and what will be the best 
network for tnat communication and what will be the best distribution of units 
over the nodes of tlie network?. 

There are three main parts that need to be recognized in design: 
-the units of the system 
-communication network of the system 

-distribution of the units over the nodes of the network 
1 . Units o f the STITF: syste m 

It is useful to recognize two types of units that are directly 
part of the STITE system. First, there are internal units of STITE, being 
recognized as units that are controlled, served, or are, in a broader sense, 
under tlie adjninistration of STITE. Secondly, tlicrc are luuts tliat are sources 
of information for STITE, such as information centers, tliat are not, however, 
under direct control of STITE. They are called external units of STITE. 
^ • ^ Examples of Inter na 1 Un its 

1,1.1 Torninals - "Terminal unit of STITE" is tlie term 
wldcli will be used in as broad a sense as possible to mean units^ 
interfacing between STITE and its environment. The following will 
serve to illustrate the wide variety in each sub-category. 

-common computer tenninal - keyboard, card reader, or card 
pujiclving machines, printer, ])aper or ma^i^notic tape, 
-less usual computer terminal - plotter, TV camera, cathode 
ray tub display, digital display, liglit pin. 
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-possible terminals of near future - voice input and output, 
color TV, remote handwriting. 

-scaled instruments mid indicators - measuring panel instruments, 
various meters, controlling lights, osciloscope. 

-manually operated devices - picture transmitting devices, cameras, 

films, projectors, 
-final receiver or original source of information processed by 

STITK - clerk, laborer, instructor, educator, 

1.1.2 Processors - The following are examples of processors, 
all of which can participate in information processing, transmitting, 
reformating, on-line remote demonstrations, live simulations under the 
control of a remote site: 

-central processor of large computer 

-mini comDUter * 
-computing center 

-analog coni^^uter (e.g. deferential analyser) 
-caning device for nulti instrument panel 
-special computers 
-simulators 

1.1.3 Storages - Various types of computer storages, memories 
ajul internal data banks. 

1 . 2 Categorie s and [Examples of Extemrt l Units of STITE 

Ifliile the gcograpliic location of exteiTial units is given, there are 
the intenial units of the system that have to be decided upon by the design. 
Some of the internal units will have to share tlie same place with external 
luiits. They are mostly terminals. Otliers, like processors and intei^ual 
data banks, need not, and it is tlie role of the design concept to decide 
about tlicir most effective location, 

1.2.1 Information Centers - The second type of unit is called 
external imits* Tliey ai^c vuiits that interface tlie system by supplying 
requests and STITH diXtx from extenial data banks, information centers, 
libraries and other sources of inforiuation for STITE. In a broad sense 
tlicy are tlic environment of the system. 'Iliey interact witli STITi: liow- 
ever they arc not under the direct control or luuler the administration 
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of the system. 

1.2.2 Educational Institutions - Educators, schools, school 
systems, colleges, universities and other centers of education (to 
which information is being transferred via STITE) , 
2, C ^i-iununication Network of STITE 

From the beginning it is veiy clear that there is no need to design 
the cormnimication lines between the nodes of the system. Existing conimunication 
lines, such as telephone lines, and TV networks, arc and will be sufficient for 
use in STITE. It is accepted tJiat STITE Kill operate on whatever conununication 
network is or will be available in future, rather than necessitating tlie design 
and implementation of its outi comiiami cation lines. This approach is being used 
by many other existing geographically wide-spread systems like large company 
comjnunication networks, computer- comnunicati on networks, and education communi- 
cation networks. 

From tlie designing point of view of STITE, it has to be indeed kept 
in mind that communicatioji lines witJi impiovod commimication characteristics 
are certainly possible and that t!ie design of STITH has to provide room for such 
future improvements as they become available. For example, more and more effect- 
ive TV lines via satellites ajid laser beams or laser beam telepliono channels are 
just two of the ways of commimication tliat will have an impact on future comjniun - 
cation networks. STITE system has to be designed in sucli a way that it will be 
ready to absorb sucli impacts rather than ignore thom. 

On the other liand, STITE is essentially a computer system. As such, 
it will very likely not face any impact of future technology of communication in 
isolation. It v/ill rather follov; the same patlis that will be followed by otlier 
computer corjnunication net\;orks and it will utilise and adapt to w'hatcver v;ill 
be offered as feasible continuation. 

For these reasons, no special attention will be given in STITE 
researcl\ to tlie direct problems of coimiiuucation lines except for the economy of 
the use of alrcad)' existing lines. It is ratjior tlie distribution of tlic internal 
imits over tlie nodes of tlie comji^.ujiication nctu'ork that will be the center of 
research interest » 
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3. Distribution of Units Over t h e Nodes of the N etwork 

3.1 Distribution of Nodes 

There are many ways in wluch a system can be analyzed, designed 
or viewed as a system of nodes. Among t)iem are: 

-geographic location oP the imits or groups of units of a 
system - The nodes are then described as configuration of 
the uiiits that arc placed at the same location, i.e. in the 
same room, c : in the same building, on the same campus, in 
the same city, in tlie sajne region. Geographic location is 
important primarily for the commimication networks, main- 
tenance of the system, and communication costs, 

-fimctional vieu^oint - The nodes of the system are grouped 
according to their role in tlie system. Units of the system 
belonging to certain nodes participate in the sajne engage- 
ment, regardless of their geograpluc location, 

-administration vievQ:)oint - The luiits of the system arc 
arranged into nodes or groups according to criteria such as 
financial supervision of the system, charging structure for 
services, paying for outside information, and paying for man- 
power associated witli the system. 

Traditionally it seems to be desirable to unify the above three 
viewpoints and create the node with imits in tlic same location perfori^.ing the 
same functions and being considered as one unit administratively also. This 
approach, hov.cvcr, is not necessarily them most economical or best approach 
from the staiulpoint of soine other criteria. For example, if expertise using 
more than one person is required and cacli of them lives at different locations, 
their terminals can bo connected to tlie same computer wlierc both of them can 
contribute to the saiie fiuiction. On the otlicr liand, the same person can fimction 
in one ca])acity in one location wliilc in anotlier, differci^t capacity lie can 
regularly contribute to tlie problems being solved at ai^otlicr location. 

Thus, cor.u-uuiication allo\rS participation by a person in remote 
activities ;;it]iout t!io need for relocation of tlie person. It is tlicn the type 
of function in wliicli the person is invoh^cd that is more iriportruit to be 
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rccoginzod than the actual location of the person hiinself or the site for 
which the service is being granted. 

Use of conputers in large systems, hov/ever, does not always 
complicate the situation. It enables the entire system to track and record 
internal activities, including information comprising who is involved in 
certain activities, (i.e. v;hat person, v.'hat group of persons, vv^hat nodes of 
the system, what programs, the extent of the involvement) and in what capacity 
the involvement is being made. Providing this and other types of information 
and being implemented on soiuid design, the system becomes a highly dynamic 
entity involved in its servicing function witli many progressive features. 
It need not to be limited to particular geographic locations. It can be 
properly administered because the administrative structure, b?*=ed on the 
administrative viewpoint can freely be imposed on the existing system and 
easily adapted later if the growth of the system requires it. Functional 
structm^e can be made, matching the admins trative structure in one extreme 
or being dissociated from it in the other and grouping the system units can 
be mutually independent by infrastructures. 

Nei/ dimensions can be given to systems in terms of flexibility in 
adaptation of its infrastructures to changes, anticipated or imanticipated, 
in the grov.th of the system and in constantly augmenting the power of the 
system by adding now features. Flexibility in i^eallocation of the- control of 
the system may range from locali;2cd to centralized controlling fmiction or 
vice versa, and cJiarging structures, management problems, and other administrat- 
ive manipulations can be flexible. Provision can also be made for flexibility 
in responsiveness to tlie needs of the system customers, ajul in the introduction 
of innovative approaches. 

3.2 Design of ti\c Syst em -od^s 

It is primarily the functional aspect that will bo in the 
center of attention of project STITI: rescarciu vStudies of the 
functional nodes and tl\cir tentative dcsi^^n will help to forinulate 
conditions, speci ri cations, ajui oporationaJ Ci)aractcrist ics for both 
refincr.cnt of the design and for imj^lcmoiitation of sriTH. 
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Once it is decided what the functional nodes of the system will 
be, i!iO next step will be to decide where the activities related 
to that function will be implemented. Three possible alternatives 
will be examined: 

-centralized system - All function performed at one 
selected location 
-decentralized system - Basically the same function 
can be performed at different geographic locations, 
-dynamic system - Tliere is no specific place where 
certain functions must be performed. It is under 
the internal management of the system that the 
location of functions is changed under certain 
conditions. If a fimction is used the system will 
direct the corresponding data to the site that is 
in charge of that function at that time. (Tlie whole 
STITE system acts in a fashion similar to a large 
operating system involving many computers and/or 
centers 0 

Itie following illustration sketches the described situation as a Q 
that collects all requests from the input and places them into QA 
in a line, where they wait for processing. Ulicn retrieved from 
they are processed for allocation to the proper place for further 
processing. 



Input 



Distribution of the activities to the nodes 
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3.2.1 Centralized Q - Jobs such a customer requests, required 
sub-activities and interface with information centers 
will be collected in Q. Tlien they will be distributed 
to other imits or nodes of STITE that in turn will feed 
back the information about finished activities and also 
signals indicating that they are ready for an additional 
load or that they are still busy. It is, however, the 
central part of STITE that continually keeps track of 
out-put data of each activity and collects eAl data back 
into the center. 

3.2.2 Decentralized - Jobs are collected in a different Q of local 
character or grouped in different Q's according to the 
character of the required activity or some other convenient 
criteria. From there, jobs will be sent to the facilities 
servicing the corresponding Q, 

3.2.3 Bidding System - This system is a reversed concept of cen- 
tralized control, llic center collects only the jobs and makes 
available a list of the jobs to processing nodes of the 
system. T]\c nodes send conditions or bids imder which they 
can process the jobs, llie idea is that the subcenters or 
processing nodes are in competition to provide better service. 
X\\is would enhance improvement and economy of the systoin. 
Bidding system is a new concept for the design and will be 
considered in research in much more detail. 
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PART nVE 



LrniRATURK: sui^vey 
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' PART FIVE 

LITERAIURl survly 



I, DfTRODUClTON 

The STITE project proposal states that the design of the descriptive nodel 
VTill be preceded by "a review of the relevaiit research literature on the systems 
approach to curricula development." The purpose of such a review will be to 
identify and evaluate developrnents and research that have ali^eady been conducted 
in tlus field and to detennina their usefulness iji tiie design of the STITE system. 

The subject range of the project will be delineated in terrr^s of topics and 
categories, and txien appropriate indexes, reports, and other publications will be 
searched to identify and evaluate those mterials vMch are significant for the 
goals of the STirE project. 

Finally, a bibliograpny of relevant literatvjpe will be compiled. 

II • SCOPE OF niC LI^PATIIRE SURVEY 

The purpose of the STITE project is to study, design, and evaluate a system 
for the transfer of science infon^ation from its present repositories into a 
science leaniir^g system. Ilie scope of the project can logically be divided into 
three jxirts trien* 

First, there n:[U3t be an identification and an analysis of existing centers 
and systenfi in terrns of the subjects tiiuy include 5 tlieir operating charaeteristics 
and trie v;ay3 in Wiiidi they are used. 

Secondly, there v;ill follow a definition and description of lean^ang tools 
and systenG, and an analysis of tlie mti^odology involved in designing tl^en, as v;ell 
as somo eval.uation of tiicir usefulness wi'di respect to the objectives of the STPK 
project. 

Tniixily, ti^.ore rrust be S033 consideration of i.nfonration transfer systcjiis 
aid ncb;or;:s to dcteixTLne tlieir significance for tJie design of tlie proposed trans- 
fer systan. 

Tnc sabjoct scope of the literature seaixii will follav t:]0 tJirco afoxxtunntionoi 
divisions, i.e., :;cia^ce anci tecimical infonpaticn centers, leading systa/s, 
aid infonrvition transfer sy:;te::w3 and i:et;;;orks. Ini.tially, spot diecks for r>3~ 
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levant refevonces v;ere made within the designated subject areas, and this pre- 
liminary and tentative outlLne of tlie survey, with some tvmdom references, has 
been developed. It vri.ll be expanded and refined v/itii future investigation. 

III. scimfE ;A-rD it:q{iji c^l liJPORimiON cn m^RS/S Ygm^is 

The collection, organization and dissemination of deGcripiive infoiTfution 
and bibliographic data coniprises the so-called "science informtion system" v/hose 
services typify tj^e c^jrrent level of the infor^^ation ind^dstry — the estal":>lisluient 
of computerized inforiration utilities and services of different types and pur- 
poses. According to Bushnell, it is not rrore speculation to anticipate tiie day 
wiien infonration aoquired during the operation of the central infoniHtion prc- 
cessing service feeds directly into decision mochanisr^s that regiilate the scheduling 
and instructional programs of the educational institution. 

1. CIASSIFI G/VTION OF SCinJCE ATiP l^GifJICAL CHrrERS/SYSTlTO 

1.1 On the basis of subjects - iMs classification of science information 
systems v;ill detenaine v;hici^ centers are to be accessed for development 

of new courses iji a given subject area, emd it \;ill also facilitate the 
identification of centers capable of praviding the necess£n:y science in-- 
forrration for updating learning rrate rials or for modifying course pre- 
pai'^ation in a given siibject arx.-^a. 

Cohan [Ref» 13, gives the desci^iption of each scj.ence and technical 
infonnation re posit oiy and each information storage and retrievdl system^ 
he also states typ3S of output and service available to the user cormmity, 
user equijjmeiit requirements, user restrictions and subject coverage. 
PaLni3r [Rof. G], has done alriosL tlic sa^^^ triing as Cohaji has done, bux 
he gives little description of tl^.e systejns. Kru7.as [Ilef. 5], gives in- 
fonnation resources available in tiie U.S, in -^die Directory of Infoi^ 
nation r- csom-ces in tlie U.S, [Rcf» 2], and iX)ints out the holding of 
infonration h\ eadi center vr^dcr subject coverage. 

1.2 On the basis of oj>::rat:ng ciaractei^inlics - Ihcrx^ :s a vari- 
ation of aulo'^vation cTrcng info^inrition centers. Some have c^m.puler ba::>ed 
data-b:i:i}^s. Olliero have oompuLeri^:ed nolv;o}4;s and ^-v^prcsent oco; <:r£itivo 
efforls to share re:"ouro2s of provided jjifonraticn on a m.ulti-uiii l b:isis. 
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2. AMAUfSIS OF SCIUICE AID TCaCIIG/^. EIFORI-IAngj CEj-lTERS IliOM IT-E 
VIEVJ PQIilT Or DESIGl OF SCIEi ICE IiiFORMATION TR/\IISn:R SYSTS-1 

This analysis will include descriptive details of the data bases, 
inforrration retrieval and cornmuaication, oi-^aniiiation of iiifomatiorij in- 
fonnation control ^ user study, end in wliat forne infor^mtion is present- 
ed to the aser» 

Tncse topics vjill be helprul in detezTfLinaxig the methodology to 
be used in identifying the design criteria for tl^e science infonration 
transfer system. It also indicates t]ie limitations of data brise^ retrieval 
syste^Ti, and subject area coverage of science infoiiT\ation transfer systems • 

Lesher and tla^jick [Ref. 3], point out how NASA technical infon^^at- 
ion can be trans feiTedy'accessed. Doctors [Ref. 2], describes the NASA 
tediJiology transfer program* In his article, the roles of federal agoicies 
are well defined* . Tlie desigr^ of STr^E v;ould benefit fram the contents 
of these tv;o articles, 

Spari<s CPef< 7], gives a methodology for the analysis of infoi-^ 
Lnation systonis. Gruber, and Marquis [Pef. 2], p-oint out human factors and 
liiiiLtations in the transfer of teclmology. North Ajiiericc'in Aviation , Inc. [Ref. 6], 
pix;vides an analysis of sci.entific and tedmical infonnation rcquii^nents 
of FA^. Nay [Fvef. 5], presents tlie developm.ent of a rcsoiarce inforrration 
bank for teacJiLng science, Ihese four articles provide a clear reviev; of 
ha-; STICs operate. 

Sijrpson [Ref. 8], makes the observation tJmt scientists find 
engii^eei's liave solved tiicii"^ v:oi'>dago and most otlicr inforration probleirjs 
thix)ug:i the cpjation and use of ir/ioiiration aiiolysis centers (lAC) . lAC's 
syntiiosize, cu.^Jyze^ ajid co-rprass pertinent ia-^fomation so that ;cnov;led£e 
transfer rct::^':in3 effective. STITE can lielp iri transferrLng knov;ledge i.icre 
effectively iroin. I/\C to u;er3. 

Libaw [Ref. U], probcnts a nev;, gcnerali/:ed uodel for infonnation 
transfer t}:at: l:a3 at its licart a ra-iduno-readcii.^le ixzcord. liie nodcl T:oLnts 
oul hovj trio oorc :;;ACune-r3adcible ixrcoixi ;r'a;<os possible interfacing ccirr- 
purer typ^sottinf;; v;it:i a:ivanc>3d in:o7i:ution tccimoloni^ tlie interfachig of 
pr.u:;:a"y v;itii seconder/ juiilication:: , ojid tiic ii^teiuacLng of data v;ith gdcu- 
ii"cnt inloniaLion :.>yo"i:o:;i;. /Lis rnoci'.^l would Iiolp In the C'2:d^p of SllTi'. 
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Thiirmji and Pictkieidcz [Ref. 63, sha^ how the principal 
users of a snail infonrvation system arc built into the system and how 
the feedback received from them improves the system, especially in the 
areas of dociini3nt selection, indexing and bibliographic fonnat. 

Raizada [Ref. 3], attenpts to analyze the concept of "user 
accept cibility^\ Ihe factors affecting this are the physical presentation 
of informtion and the semantic contents of the infonration in the com- 
puter printouts. Study of "user acceptability" would rvake STITE more 
practical and satisfactory. 

Saha [Ref. points out that to ensure that the need for in- 
foiTivition is satisfied, user studies are necessary at intervals to 
determine if the informtion system as designed and operated does the job 
efficiently arid econoiaically for the reader co^immity it serves. For 
tliis pirrpose the organization handling the information must identify specific 
information services, study reader's habits and communication modes in a 
particular en\dronjnent , and then foci^s on tiie pixiblem areas for desirable 
solutions. STITE v;ould benefit frem Saha's conclusions. 

Kreysa [Ref. 1], makes the observation tl^at the Smithsonian Science 
Information Exchange (SSIE), after expanding its coverage of subject matter 
and clianging in administz-^ative or fiscal structures, can facilitate vxjre 
effective planning, jrpjiageir^it , and coordination of the scientific reseai^ch 
and developn-?iit sponsored or supjx^rted by U.S. government agencies. STITE 
should be ai)le to do v;hat SSIE has done. 

lipsitz [Ref. 2], describes ha-; ten thousand hon^es can be tied to 
a computer center and ha-; they cai^i fully utilize the infomation and facilities 
of the computer center. Tncse ten thousand hoiiies could be users of STITE 
in the futures. 

Veoy.ie and Coru^olly [Ref. 6], point out v;here information ai'ialysis 
center products go and id^^ntify tiic users v;ho baiefit from the services. 

/^;Af^sis NiP d::sig:i of sen: :ce L!roR; virion Ti^jisFER SYsmis 

A science i.nfoi":ration trarisfcr systam is a bridge betveen science 
and tedinical infoi!ration center:. iii\d sciencvi learning systeifs. In otlicr 
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words ^ it transfers valuable information, upon a user's r^uest, from 
data banks in science and tedirical information centers into science 
learning systeins. 

Man-Mad^ine Interface VJith Respect to Science Infon^iation 
'Knansfer System ^ _— - 

1*1 Question and Ansv/ering System - A question and ansv;ering 
system provides a questionaire for user to answer. It analyses 
ln.s answers to determine his area of interest, the kind of irv 
formation he is seeking and his objectives. Tnen this system 
will decide either to ask more questions in order to understand 
the user^s intention jrore cleirly or to supply the infonration 
requested, It nay even suggest that the user use a particular 
leeiniing system with a guide, so that the user can inprove his 
WDrk. A science information transfer system that is going to 
help a user from a certain bad<:ground must first acquire data 
from the user, and then through certain procedures, find ways 
to help the user. 

1.2 Editor Program - Ati editor program provides a rreans for mani- 
pulating the text of a named file on a nairicd file on a micro tape 
or in the user area of the dnm (corresponding to micro tape). 
Tnis file may be used for tlie creation of tex^t or for later use 
as data or as a program to be translated by the FOKl'RAiJ Conh- 
piler, etc. Tne commai^ds provide for the editor to allov; tex-t 
to be cr>3atcdj deleted, or moved about. Ihe content of science 
and tcdnology is chai:iging and enlar-^gLng everyday, and so is the 
ijifoiiraticn stored in science and technical LnfOiT^ution centers. 
Tl^e science inforrration transfer system must be a):)le to update 
its ovrA data files accordingly by using a fast ajnd efficient 
editoi^ piogrtiin. 
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1.3 Display and Inp^Jt, Output Devices - A display is a 
visible representation of data on a console screen in a 
printed report, graph, or dra>;ing. subject to alteration 
by a light pen or ^'stylus/^ 

An input device is the inechanical unit designed to 
bring data to be processed into a coiiputer, e.g., a card reader, 
a tape reader, or a key board. . 

Input to tlie computer can take a variety of fonns: 
punched cards, punched paper tape, mgrietic tape, rragnetic 
cards, magnetic ink, or directly ajid binary fom frem the core 
n>3jnory or perLphei*\al storage units and various conversion units. 
Quite recently, plain typed print or script in lindted voca- 
bularies became serviceable as input to coinputer^i. Input is also 
developed photoelectric£Llly (scaiiners) and through the use of 
IV-type cathode-ray- tubes . Audio input is also being perfected 
witli limited vocubulary. Direct input can be developed by 
telephone, teletype and nuiiereus other corrmunication devices 
besides the cards, tapes, in};s, scanners^ and CRTs previously 
mentioned. PixDper input devices for the preject's system raust 
be found. 

An output device is the part of a madiirie that translates tlie 
elect-rical irnpiilses repzx^sentirig data precessed by tlie mchtine into 
perrnanent results such as printed fonrG, punched cards, arid rragnetic 
v^ri.ting on tajx), » 

Data can be va-^itten out frera storage to output units, or it can 
be read fren; storage to output, Ihe results of tlie precessinp, ai"^ 
tiius converted to Inglisli or decijnals. Ihey can be recorded in 
various v:ays - as a printed report; a3> graphs, drav;ings, or laji- 
guage for viewing £ind alteri)ig 011 display tubes; as mgnetic tape, 
papv^r ta;>3, pundv^d or nvigi:otic catxb; or as audio output. Sorao 
ver^y draraitic iniovations of computer systerns concern the ncvcst 
optic devices and diutoPAatic-languag^e for viev;ing ajid alterijig on 
display tiaes; as n^^^netic ta]:o, pap^r tai>3. pundicd or nagi;ctic 
carxli; or as audio output, Son>3 vez-y davjrati.c innovations of com- 
puter systci,is cono:^ni tlie ncv;cst optic devices a-id autonvitic-la^^if^tage 
Q translitorG (c>:.:ii:ipla, }Aio:;ian-to-: n^vli-h) as v;cll as tallciiig iiv^diines 
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and adaptive processors. To find the proper output devices for 
the project's system is also necessary, 

l.U Intelligent Teminal: An intelligent tenninal is a unit 
that is progra-TTBable by the user in much the saro way that a 
conventional computer can be programmed. It has a stored- program 
unit to handle sorn3 processing independently of the oentrcil pro- 
cessor. Intelligent tenninals can offer tlie user the opportunity 
of reducing costs by doing some processing locally, providing more 
effective data entry teduiiques and compressing data for faster 
and more economcal data transmission • Greater flexibility is 
possible since riX>st intelligent terminals can emulate other 
terroinals and can handle a v;ide variety of applications. Through 
tlie use of remote consoles, joint utilization of identical data 
files for research and planning and student, as well as faculty, 
jnstTUction become possible. Inclusion of "the terminal that 
thijiks for itself" to the project's system v;ould also be desirable. 

Literature on the topic, Han-Machine Interface vjith Respect to Science Inform 
maticn 'iVansfer Systerrs, will include the follow^g references: 

Green and ouhers [Plef. 10] ^describe'^Baseball : An Automatic CJjestion-An5v;er 
Game. " Tnoir ideas may be useful m the design of a question and aiisv;ering system 
needed iji S?Tn:. 

Botrterill iF.ef.. H], presents the design objectives for tlie Multiple Termincil 
^fonitor Tar3k, nni.nirig under OS/rf/r, a description of the system, tlie services 
provided, and perfonrronce on a irodel 65. Bryden [fief. 6], describes the rrajar types 
of QIT dirjplay systcr^T^, along with the todmiques used, the types of hard';arc, c'lnd 
hjii'Bn cngineorij^ir, con^idex^ations. He also gives sjx^cification t^i)les for the major 
aliivmuTicric and line-dra:.;irig devices availcJjle. Scliei-r [Ref. 18], covers all eis- 
p3cts of display system desi^^^, including optica, pho tcp;rap:ry , device diai'^acteristics, 
rrcasureirjei^ts , and hUiVii^ factors. Stover [flof. 19 J, gives the description of a 
UTiiquc du.splay capc61e of t"r"ae tln^^e dir:>ensional, full color cUsplays, Tne systeju 
is based on rancopts of Icnticulaj:^ optics and 6oq3 not use auxiliary vicvjing ^lids. 
'Ihcse ariicles v;ill iielp in chvcojing tiie right display systejii for SiTiE. 

Hii^in [ilef. 17], covers source data autora-rtion, key taix:^ devices, OCR, voice 
response, digital plotters, aid display dovicoo. He alr:o do:;iOns tra tes the aj^pli- 
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cation of eadi type of I/O device. Murphy provides a basic introduction to 
the various types of prints, plus characteristics and product descriptions 
of satellite printing systeins. 

Auerbach On^ Alpha nunierical Display Equipment [Ref. 1], provides a basic 
introduction and description of alphanun^eric display equipment, Frank [Ref. 7], 
reviev;s the availability and use of portable terminals. ^'Gi^aphic Terminals^* 
[Ref. 9] 5 describes in simple tei^ns the operation of gi^aphics display systeins 
and the diffei"ont types of systeins available. ^ligh Reli abilit y Marks Ther mal- 
Printing Terminals [Ref. 10], stateo that reliability and low noise levels 
arc tvo of the advantages offered by thermal printing terminals. 

Murphy [Ref. 14], covers both alphanujiieric and graphic CRT terminals, and he 
also revia^;s terminal types, their operation, the nvirket, and available literature. 

Intelligent Terra nals [Ref. 12], illustrates the use of intelligent terminals 
and discusses three specific termii^als, the concept of distributed intelligence^ 
tiie application of inteUigent tenainals, and costs and problems and reviewed. 
f'fcGovem [Ref. 13], gives the definitions of different types of intelligent ter- 
minals and discusses IBIVs role in tliis area, along v;ith conirtents on future 
directions. Bair^ton [Ref. 2], makes the obser'vation that stand-cilone computing, 
data enlTy, and remote batdi processing are all possible vjith a conprehensive 
intelligent terrainal. To facilitate STITr] v/itli intelligent terminials seems to be 
a necessity. 

Brooks [Ref. 5], describes Oliver's experiment, tliat of using a com.puter 
graphic system for toadying nunorical ai^alysis, and Jolinson's e:q>eriment, that of 
oomputer^ad^iinistercd instruction in tcadiing PL/I. He also concludes that the 
use of computer graplucs appears to be rrore promising for college teaching appli- 
cation than conventional v;liere v/eaker effects liave so far been found. Graphic 
outputs on C?T terrriiiials could occur frequently v/nile accessing S17TE. 

Van IXiin [Ref. 20], discusses display tedinolog^' in detail and giv^es ext'imples 
of promisijig ir^in/nvidnr^e interaction cxperirrciits. 

Flill [Ref. 11], gives rcanons for rxiqviirixig a mian-madiijie .interface using 
speedi, and outliives speech production and perception, iie also discasses Gp/3edi 
iXiCop;iition :ind gc:i>j aju)lication";. Ca-ivon^^ational ci]>ilit>^ of irk'in--r;adune ijitei"^ 
face in STITiJ is v?oz^l-;i of study. 
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"New Printer Copies Computer Displays [Ref, 16], describes the new 
electrostatic par^e printer introduced by SE Coniputer Peripherals* It 
provides a copy of the data displayed on the computer video terminal in 
only 3 seconds. 

2. Intercomputer CorrTnunication/Computer Met1^;ork 

A Computer L'et^'/ork is tv;o or more interconnected ooinputers. It 
permits geogi^aphical distribution of computer capability to meet local infor- 
mation processing needs and at tlie same time permits local available capa- 
city to meet requirements from remote locaticns that are unable to handle 
local needs. Data and programs can be transmitted around the network. For 
infoni^tion storage and retrieval systems, a net^-^ork of computers persitLts 
multipoint entry, query analysis, locally jnviintained data banks, availability 
of local data banks to cill stations of the network, use of common languages, 
central control points or iriformation sv;itching centers, and mutual support 
activities, such as rapid data transfer, immediate response, reduced inter- 
ference vath local Liission, and a raduced necessity for new centralized 
facilities* 

Brevjster [Ref. 1], defines the task of planning a communication 
net\JOrk and discusses a program called rlEl'SFf to aid in optimizing the netv:ork 
design. }CLeini-x)ck [Ref* C], discusses mathematical nodeling, analysis, and 
stimulation in their role as tools for creating the design for a computer net- 
woi1<. 

Computer jlet vork /le asin^erents: Tedmi ques ai^d Uxix^^rirrtents [Ref. 2], 
gives the deveiopnvjnt of measurem^^nt capabilities for the /iRI^A netv;ork and tiie 
utilization of these capabilities to create analytic iivxlels of net.cork beyiavior. 
Harris [Ref, discusses devclopricntf: for the on-line systejn of the Al^A 
netvork, including ix^duction of corc requirejj^tents , iinpTOvej^.iriJits to tlie intenial 
sdieduling algoriti'Lm'i^ , ajnd tlio developjrp.'j^t of a m.ulti-line oont"roller. Herzog 
[Fief. 5], iej>Drt.3 t/^^:^ activities of th^ MERIT computer net\;ork, aiid describes 
oor:iniUru cat ions li-imv^iro, tclopjior.e facilities, ajid sofl'varx:^ systems. 

Cb mputc ?r ::vn:>:oivc Kcsoa:xri [Ref. 3], points out modeling, analysis, 
ny2asure::j?nts a: id ^yc.;.v:::v: ::oi tv:ai\:^ lor co:nputor nct\';orkG. Marill and Cureuritz 
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CRef, 7], present aii analysis of the teclmical problem of data handling within 
a conputer oommunication netv;ork, 

Waldon [Ref. 10], presents a system of coimiunication between processes 
distributed througliout a computer network. 

Roberts and VJessler [Ref, 9], describe the need for a computer net\<ork, 
the requlroirmts of a computer coTmunication system, and the potential uses 
of a computer net;%ork. 

McCann [Ref. 8], gives the general nature of net\-;orks: advantages, 
oonf igurations 5 transmission speeds, oosts and media. He also describes the 
planning for a national on-line iTBdical bibliographic service, including net- 
V7orf< alternatives, decent-ralization versus communications, costs, and select- 
ion fromi alternatives. These references would help in designing a computer 
netvjork in the STITE system. 

3. System Safety Security 

3.1 File PiX)tection - A device or m^othod that prevents accidental 
erasing of operative data on magnetic tape reels. 

3.2 Memory Pix^tection - A specifically design method of insuring 
that the contents of rain m.emory, within certaiii designated but variable 
IxDunds, v;ill not be destroyed or alterf^d. Special prcgi^amming devices 
or haix}.v^are tiTjs guaixl against the effects of equipment malfunction and 
progrcun bugs in real-time systejre^ 

Stuciy in the area of Safety-Systemi/Secui^'ity is necessary, for 
security is an iLportant elenvint in a computez-^aided system, 
"A Brief History of Computer I^ivaoy/ Security Rese^aaxili at Rand^' [Ref. 1], 
provides a re vie;-; of VAJD Coiporation rescardi on co:nputer security and the pro-- 
tection of data in the computer system frem unauthorized access, Gral^iam [Ref. 7], 
points out tlie techinical aspacts of pretection and the precedures v;iudi govern tlie 
access of exocutini:; pre^^^ans to vaiuous re^^oui^ccc in tlie system, Tvini and 
Sliapire [ilof. lU], discusG the probleja of cor>t effective data securit]>' safeguaixlr^ 
in personal infonration data banks. Friedman [Kef. G], x>?viev;s tlio preblcm of 
pzx)tcctin[; proprietary data in lai'^i/p computer fiJ^es in a systcjn v;iiic}i perr^iits the 
sharing of data* 
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Borud\ [Ref. 2], outlines a nurrLer of distinctive methods for assuring 
the confidentiality of data and relates them to security-oriented infomvition 
processing activities. Conway and others [Ref. U], discuss record selection, 
field secmuty, restriction of processii^g operations, and system implementation. 
Donn [Ref» 5], describes a pseudo-random binary sequeno3- generating, shift 
register for scambling digital sisals, Hawkins [Ref. 8], considers software 
control of system access, security of the operating system and protection 
against malfunctions. 

Leaviti: [Ref. 9], explains hov; data oompression techniques can con- 
tribute to data securit-y as v;ell as ijrprcve systera perfonnance* Leavitt [Ref. 10], 
discusses the use and effectiveness of passv;ords as security devices over pro- 
grams and data. Peck [Ref. 11], reviews access controls, internal system con- 
trols, data trans/.dssion controls, and potential and actual violation controls. 
Reider [Ref. 12], presents some of the elements of a sound control and security 
plan for computer records. Smitl. and others [Ref. 13], use botli softvjare and 
special hard/are to provide enciphering and deciphering of messages betv;een a 
terminal and a cmputer to previde protecting of data in t-ransit and in storage. 

Andersai [Ref. 2], iX)ints out pre^blems concerrung computer security, 
preblems of file pretection, and comm^ lication preblems. He also discusses 
tedmiques of system access control, operatinr :tem functions, techniques of 
file pretection, and techniques of security assurance. 

Lxrgc Merrories - Associativa Vr- <yry is a storage device in v;hidi the 
storage locations are ide^ntif ' y Liieir contents rather than by their nain'^s, 
addresses, or relative iX)sitions. T\\e associative meipory is capa}jle of being 
interregated in pcU'allel fasiiion threugjiout its entire contents to deteiT/dne 
v;iietliei^ or not a given \uOix\ is stored by directly comparing it v;ith all v;ords 
stored 'witiiout regard for addi-essij^g. Tnc associative i:«emDiy caji quickly ansv;or 
tiic question, "Is this v:ord contc-uncd in moiror/?' Tne concept reduces address 
booldcccping, since tlie keys sor^/e as ackAVOi::ioz , 

large Auxlliaiy il-a^oxy is a lange SLorege dovico in additicn to the r:;ajji 
storfige of a computer; e.g., m'ljyietic tapo, or mag^ietic dnra. Auxiliary storage 
usually holdo ra:di l.aix^:r cjx-ui^ts of infcn.;.ation thc^Ji Llio main stor^igc, aixl tlic 
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information is acoessible less rapidly. 

The internal liierardiy of mejnories inust be studied in detail in 
order to use tlie primary core memory, the associative merrory, and the 
large auxiliary menory effectively. 

5* Infonnation Access 

5.1 Iinfuediate Access - Tne ability to directly obtain data from, 
or to place data in, a storage device or register, v;ithout serial delay 
due to other units of data aj:id usually in a relatively shoz^t period of 
tiine. 

5.2 Parallel Access - The process of obtaining infonnation in storage, 
v;liere the tirr.e required for Guch access is dependent on the simultaneous 
transfer of c'lll elej^ients of a v;ord from a given storage location. Since the 
science infoxTiation transfer system v;ill undoubtedly be conceined v/itli 
frequent infonnation accessed in small or lai^ge amouiits, iiifomvition access 
rrethods must be considerx^d. Both immediate access and pax-^allel access have 
advantages, and using them intexvovenly vriLll give maximum efficiency. 

Doll [Ref. 1], provides a ^-x^adable account of a laser mass memory system 
with trillion-bit on*-line capacib,^ aiid fast access. Gentile ai^id Lucas [Ref. 2], 
poii\t out that TABIjOII is a neU-.ork of dedicated oonputers, special harcivare, and 
nass sturage devices whicli any user CPU caix access for storage a:^d retrieval of 
dates. TABLOII v;as developed to provide cor::non data base Cc'u>a]3ilities to dissijailar 
systom:^ and to reduce Lhe cost, space, and adm^inistration of larger magiietic tapx^ 
libraries. I^^el [Ref. G], describes the major foc'itures of the different t>'pes 
of a^.j>:iliary storage devices zaid give selection criteria. Gross [Ref. 3], defines 
the ultni-lai-ger digita.1 storage system and esta]:)lishes a boundary betv:eax tliese 
azri laiYP storage systeirG, IRaicer [Ref. U], siu^voys the histor^ical develop-p.ent 
of i.k:i^7:ietic dio]:3 for ])u]J: stor..go appj ic^itions, covering liaixb.vaxi capal:)ilitiGs , 
device ciiaracterir/Lics 5 so:.rj. alteniative ted uxo logics , and p:;:>t cind I'utinx^ liior^ 
aixi^iies* 

Pojxny and oDioiv. [Ref» 7], disaiss tlie de::ip;i of the irvui^s stora^^e systej.i in 
use at tiic Lxrivrice iVKliation lyiboiYVLOi-^/ j cx:)Msistijig of an II-R! 13G0 pliotociigital 
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storage system and a CDC 854 disk pack for indices. Katzan [Ref, 5], surveys 
various storage hierarchy systems and gives a state-of-the art analysis 
covering basic storage hiei-'aixriy concepts, addres3at:)le storage, storage man- 
agement, and data organization and management, 

6. InfoiTnation Retrieval System 

A systejn for locating and selecting, on demand, certain documents or 
othicr grapliic records relevant to a given information requirejTient from a file 
of sudi m.^t.orial. Examples of infonraticn-retriev, il systems are classifi- 
cation indexing and madiine searching systems. In order to n\ake the science 
infoi'iTation transfer system e._ficient in the area of locating and selecting 
data from large files, a study of retrieval syste^ns is necessary. The use 
of a hasliing technique to allocate space for overflow ixicords. Under certain 
conditions this is shov.n to be superior to the convexitional method of chaining. 
Price [Ref, 9], describes several table hookup tedmiques, including sequenticil 
search, merge search binary searcli, estimated ejitry, and direct entry. 

Benneti: [Ref. 1], states that the Negotiated Search Facility (NSF) 
ma}ces possible index-oont-rolled retrieval of inforrnation fm.^ a collection 
data base using tools beyond those available in a traditional bibliographic 
catalog. 

Bade [Ref, 1], reviews studies of infonuation dissemination as a basis 
for detex'^rdning hov/ on-line retrieval can best oDmpete wi"di a multitude of otl"ier 
sources of reforancos and presents criteria tliat tiie system should satisfy to be 
as vridely used and as coimpi^ihensive as other' reference retrieval metl'iods. Barber 
[Ref. 2], state:: ti^e principles ui>on v;hidi "che Ted^Jiical Indexes system v;as 
based, witli pax-^Licula::^ refere.nce to tiie advantages of nucrefilm, and discusses 
the factors involved in tl;e desijyi of the retrieval system. Hoffman [Ref. U], 
inlroduo^s a Icj-^go-sc ^lo infonration retrieval system developed for precessing 
LXil\)nt in for ration files. Tne use of threaded lists, in addition to inverted 
files, to penrd t optL^:xi'7i soardninp^ is a very ihTj^ort.int feature. 

Jaixline and Van ilI jsLorgeii [jle£. 5], ijitreduce ijifonnation retrieval 
strategies v;;iidi an: ba:-cd on autc:ratic liicrardiic clustei^ing of docunenL:^. 
Ihcy rhw ti^{it clustci^bascd retrieval stratof^ios are as effective as linear 
associative retrieval slraLegicr. and much liore efficient, lliey also outline iiow 
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clustered-based retrieval may be extended to large gro^;ing document collections. 
Johnson and Briggs [Ref. 6], make tiie obsewation that holography is one of the 
most promising metliods nov; under research for the achievement of hig^ bulk 
storage v^itli fast random access at a reasonable cost. 

Walston [Ref. 11], discusses the infoiTxation-storage and retrieval 
cycle, autoiiatic docurrient indexing and classification, automatic aids to re-- 
trieval and dissemination, and autonutic fact retrieval and gives types of re- 
trieval. 

Williams [Ref. 12], points out that an effective man-machine interactive 
retrieval system requires a sequence of steps in which man and macjiine alter- 
nately take action. }Ie also introduces an on-line interactive system. Browser, 
and discusses the objectives of ti^e development of this system. 

7. Aspects of Automation of Infornation System with Respect to the STITE 
Pr oject 

Autorriation can be defined as the production by devices or madiines tt^at 
are self-acting v/ith respect to predetermined processes; e.g. , making automatic 
the process of moving v;ork from one mchine to the next, the theory, ai'^t, or 
technique of rrrf^ing processes self-acting, or the investigation developlTx^nt , or 
application of proceduixis toward making automatic the prccesses of self--rrove~ 
ment cind self- con trx)l. 

Tne aspects of automation of information systems vzith respect to the 
project are: 

1.1 Abstracting - Searching for the criteria by v.hich hurran beings 
judge Wfiat should be abstracted from a document as programmed. 

1.2 Automatic Cneddng IVccessors are consti\:cted and designed foi^ 
verification of iiifonration trc-msmitted, computed, or stored. 'Ihc pix>- 
ccchv?e is com.pletc \-i\\en all processes m the iivid^ane arc autornratically 
checked, or else the died-; is considered a partial verificatioii. Pax^tial 
diecking conccniG either tiie nuj.iber or proiX)rLion of tiie processes that 
are diedcod, or tJic nu::^:cr ajid prc^x^rtion of tiio niadiiiic units that arc 
assip^^ed to dv3d<i:^g. 



1. 3 Autonatic Coding - A tedmique by which a machine translates a 
routine v/ritten in a Gyntiietic langvuige into coded rrachine inst"nict- 
iais, e.g. 5 assembling is autoiiiatic coding or various techniques and 
jnethodology by v;hidi a conputer is utilized to translate pixvgrams from 
fonrats which are quick and easy for prograirmers to produce into formats 
which are convenient and efficient for the coDiputer to execute. 

1.4 Automtic Errors Correction - A technique, usually requiring the 
use of special codes and/ or automatic retransrrdssion, that detects and 
corrects errors occuring in transmission. Tne degree of correction 
depends upon coding and equiprnent configuration. 

1.5 Automatic Progranming - A technique by whidi a machine converts 
the definition of the solution of the problem into a series ofi ordered 
procedures and operations tr^at can be automatically coded ^ or the 
metJ-iod or tedmique v;hereby the computer itself is used to t^ransform 
or translate progi^Tnrring from a language or fona that is easy for a 
hunan being to produce, into a language that is efficient for the com- 
puter to caiTy out. Examples of automatic progi^amming aro compiling, 
assembling, e^nd interpretive routines. 



Coi'^iXBCtirin Codes for Fxd^^nge of Inforrration &3tv;een Computers [Ref . 2], 
proposes t.-;o codes v;:udi aixi comparatively easy to implerr.cnt by me^ins of computer 
prograuB and v/;iich corrx:ct at-^bitrcii-y errors in a mad^iine v;oixi and one or two 
adjao^nt v;oixl3. Harding Cl'.ef. 6], develops a table set of perfonivuicc equations 
for orrov dctcctijng euKl correct ijif, codes in a randcrr-Gi^ror^environmDnt . 

Lignos [Fief. 7]. suggests an aj^proad-i to selecting a bur-st ervor corrcct- 
ing code and describes its har\:h;ar>3 implejr.cntaticn. Wallner [Ref. 10], reviews 
p^arity dvedcing sc2ve:r.er= for nvTg;;etic tapo, di.sk, and dnu'n devices. 

Douglas [Ref. 3], pi>^sents computer ironitorijig of assarbly inx)oe3sos as 
Jix^ans of addcviiig Letter j:;:inage::>jnt contix:)! over production operations. 

Rusli ai^d Ou.er [:'/j1. 3], rv^rort on the develoj.:>:Tkt of ted;niques for 
the automatic production of higli quality ciljetracts fr^m the full text of tiie original 
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document. Ihe most significant contribution of this paper is the point that 
an abstract can be produced by i^ajecting sentences of the original whicl) are irre- 
levant to tlie abstract* Kethods of sentence selection and rejection are also 
discussed. Edmui^dson [Ref. 5], describes nev; methods of autoiratically extracting 
documents for screening purposes. His metl^ods treat not only the presence of 
high-frequciiicy content v;ords (key v^rds) as one component of sentence significaiice, 
but also pragmatic v;ords (cue woixls), title and leading words, aiid sl-ructural 
indicatorc (sentence location). Edmundson aj^d VJyllys [Ref. 4], preseit a new 
concept in automatic analysis, the relative- frequency approach to rr>3asuring the 
significance of v/oixis , v;ord groups , and sentences . 

8. Applications of Computei^ in Education 

Project STIK is conceined v;ith the application of comi:)Uters as methods 
of instrucl:ion, not v/ith data processing in general. These applications ii^clude 
developments in optical scanning devices, language translation machines, computer- 
assisted iiistruction , and rapid document-retrieval systems. The STITE system wil]. 
definitely be using the computer as tlie najor factor in infonnation transfer. 

Braunfeld [Ref. 4], reports on tlie ase of the coinputer- based PLATO II 
system to teadi a group of undergraduates some topics in computer programming. 
It appears that tlic system tauglit this suljjeci: matter effectively. He also dis- 
cusses econoinic feasibility and future plans. 

(Soodlad ai^.d others [Ref. 15], gives an overviev; of education ai^d computer 
teclinolc[2^' > discuss iinctional areas of computer applications in education, aiid point 
out futuixi advanoi'3 in the field, 

Chapmc'm and Corpaiter [Rof. 11], say that automration of the instm.ictional 
procrjss iray v;ell rcivolut ionize the field of education. Tney discuss the brxDader 
picture of "lJ'.g T'osearch effort in automated tutoring aid describe a project on 
automated tutori.ng. 

Zijin [R«3f. 25], provides a fraTji?;;o'rk, a fev; sjxicific examples, and vc- 
leroTices to roro detailed infoiration coi^ceming mst motional Ufics of computers. 
He also dLCCU3i:e3 cuivont prcblcrrG c'^nd tlie [xotentials for intereictive inst'ruction 
systems . 

i;u:.:L:'iC],l ajul /dlc-n [hcf. 8], edit nineteen pjroi'S preoenLcd in an Livxtat- 
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ional conference on tlie present and future role of the digital computer in 
American educaticn in Noveinber, 1965 • These papers are divided into U groups 
of interest: 1. individualized instructions and social goals , Computers 
in instruction and research, 3* Teachixig the computer sciences » 4. Infon^tion 
processing for education systems, 

Buslmell [Ref, 7], presents a computer based teachijig system that is 
being tested at System Development Corporation (SDC) to n\ike tcacliing ntDre 
effective, Bvislinell [Ref, 6], mkes the observation tiiat the on-line use of 
tlie computer for teaching rratliematics , the sciences, and related subjects is 
buurgeoning at all levels of education. He also discusses simulations and garaing, 
ne/7 tools for education, information utility, production and evaluation of curri- 
culum materials, and time-shared computer systerrB, 

9. Information Dissemination 

Ihe STITE project v;ill be concerned only with the dissemination of 
educational inforraation. It vdll be necessary to determine major sources of 
educational infoiination, tlie forms in v;hidi it is found, liav it is disseminated^ 
who uses it, and its cost and effectiveness. 

Duj^vis [Ref. 2], rx:iviev;s v;ays cand means of disseminating, retrieving^ a;id 
utilizing research and demonstrating results. Green [Ref, 5], describes ha-; 
Color^ido schools ai\^. inforrrK^d of the use and scope of instructional iricdia and 
deterrrdnes tiie best nr^.tliod of disscrainating the information. 

Entelek, Inc. []\ef . 3], deals vjitri the esLaJjlishment and operation of 
an "?]xcliange of Infon^vation" aTong mivcrsitics, corporations, and government 
ago-ncics concciv.ed v;it]"i the use of *the com^juter as an aid to tiie instructional 
piT>ce3s, TciTv [Ref. U], presents the role of the ^^iCnov^ledge Lin};er^^ aj"id an 
ijvteri>er3onal net'%ork of corrjaanication v/ithin a target audience. 

Grijr^';?s [P.ef. 6], describes a regional anioiTration system v;hich is desigiied 
to provide an effective, systematic methodolo^^/ -f^or lihl^ing users witli rclevant 
sou).x:es, and gives an overvlev; of t'ne history, structure, and utilization of tlie 
ijifoiTvation system. 

liaviX' [Kef. 7], identifies, s^,T^tllOGizes, and evaluates sharx^d sei-vices 
of resocuxJi iirvl develoi run 1 t]:nx)U^ViOut tiv:^ reaction and prvsaits a nKxlel of siunvd 
infonration services to iiiral eduofiLors. 
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V. LEARfmra SYSTEMS Aim TOOLS 

!• Types of Lcanvliig SysteirLS a:^d Ijoaniing Tools 

Learning systems aixi bm^.dly c!o fined as technology-aided instruction/ 
learning facilities wiiich allw le^vnv:rs to interact with organized learning 
mterials stored in an anijrate, rvuiipalahle device or memory. 

Learning tools comprise irijriirily devices and mechanisins for accessing 
l<na^ledge in science and tecl^nolopy. 

Before trying to analyze and design a science iiifonration transfer system 
that transfers science infor^ration frx>m its prv^sent reprositories into science 
learning systems, v;e inust study the components and characteristics of the existing 
learning systems and the learning tools used to determine what and ha^; the science 
information transfer system oai\ be of help in achieving the objectives of these 
leaiTiing systems using certain learning tools. ^ 

i 

1.1 Conventional Learning Systems 

-Lecture - A discourse giveii before an audience expecially for instruct- 
ion. The learning tools sometimes used in a lecture are: books ^ 

paper, pencils, pens, crayons, paints, brushes, blackboard, cl^ieilk, 
musical insh*mients, athletic equipments, slide rules, overhead projector. 

-Seminar - Guided study by a group of advanced students on a parti- 
culai"^ subject, eadi student doing some original rcseeirch, and all ex- 
changing results by infonral lectures, reports, and discussions. Ihe 
tools used: booJcs, papei^, pencils, pends, blackboemd, ch^llk, overhead 
projector. 

-Ij:i}:)oratory - A plaice devoted to experimtental study in any branch of 
natural scimce or to tlie appldcation of sciei^tific prii^ciples in testing 
and analysis. 'Ihc tools used: boote , paper, pens i Is , pens, blad-dx^ard, 
chalk , optical m:lcix)ScoiXHS , telescopes , apparatus of £ill >dnds , elect~ric 
irdscroscope, still caTicras. binoculars. 

-Deraonstration - Tne act of making kna-;n or evident by visible or 
tangible means, arj indication, sij';n, shav, or rrai^iifestation. 

-Field iVip - Visit to r-^.n csta].^lic!u:>.mt or iiintitution for pui*pof:e of 
observing activities camucd on tlicrc. 'ihe tools used: public libraries, 
art galleries, iriuseun^^, businesses. 
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-Graphic Materials - Aljnost any illustrative material can be cjonsider^d 
graphic in nature. (Indeed, any printed matter falls ^ technically^ into 
this category). Graphic inaterials can also be considered as special 
inaterial in the audio- visual field. Hie graphic mterials of interest to 
the project are graphs, charts and diagranis, and pictures. The tools 
used: paper, pencils, pens, blackboard, chalk, rules, camera. 

1,2 Non-Conventional Learning Systems 

-Programned Instruction - According to Shrvamm, progranmed instruction is 
the kind of learning experience in vSiich a "program" takes the place of a 
tutor for the sl^idents and leads him txirou^ a set of specified behaviors de- 
signed and sequenced to nvalce it more probable that he \vill behave in a given 
desired v;ay in tiie future. Tnerefore, programmed instruction is a kind of 
memory of learning materials used to support the self -instruction prxx:ess. Tools: 
four-button mchine, new communicator, koncept-o- graph, auto- tutor, computer 
terminals, computer. 

-ComputeivAssisted Instruction - CAI is a concept that applies computers 
specialized input/output display terrainals directly to individualized student 
insttAiction. The text iraterials beirig generated by researchers for instruction 
are entered into tl^e computer thxx)ugh the use of simplified codes operated for 
the most part v/ith natural- language inputs. Ccmputer^assisted instruction is 
obviously a kind of cx)mputer application in education, and like programmed in- 
struction, it also is a kind of memory of learriing rraterieilG to support the self- 
instruction process. Tools: computers, input/output devices, display, teiTuinals. 

-Teaching ladiine - /^corcling to Fine, the teaching nvidtlne is a self-teadiing 
device that l^ielps the student 3,ean faster and in a differeiit v?ay. But ti^e teaching 
nadiine is not only a machine. It is also possible to get tlie same principles from 
a progTciriimed book. It is v;hat goes into tl^iC pages of tiie book that is important. 
E>q>3rinients shov; that there is little difference bet^veen a ^^nard.-;are^' tyi>3 of 
teadiing mad^iine and tl\e book type of teadiing i.^idnine. Both boolcs and mad^incs 
depend upon pro£rar:red insti^iction to do an adequate job. Tools: multif^Irious 
teadiing mi chines. 

-Audiovisiv^l Ifcthods ai'^d r'aterials - Tne princi.pal receptors of infonnation 
arc the eyes ctnd eai^s, and tl^.ore eylsts sitetantial evidence tliat many of the 
factors involved in laiming dei>3nd on ti\e dioice of t])C ixiccptoirs 
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en5)loyed. An effective learning system thus must be capable of trans- 
mitting simultaneously visual and audio information. Such a conjoint 
transmission is desirable in both skill and cognitive learning. Tools: 
films, tapes, tape recorders, televisions, film strip projectors (some 
with sound tracks), movie projectors (with sound), record-player eind 
records, ALF. 

2. General Methodology Used for Designing Learning Systems 

We vail investigate the general methodology of designing learning systems 
in detail in order to provide criteria for evaluating these learning systems and 
learning tools. 

1.1 Human Interface in Learning Systems - The transfer of infor57iation from 
science infomation banks to other repositori.es will proceed via a human in- 
terface. In the case of science learning systems such an interface is tlie 
author or editor of the stored curricular materials. For exanple, tlie pre- 
paration and recording of learning mterials in All is nonrnlly carried out 
by facull-y subject specialists. 

1.2 General I-fetliodology Used for Designing a Course - By investigating tlie 
general metliodology used for desip;ninf; a course, it may be possible to find 
tlie steps in tliis metliodology that need help from the science inf epilation 
transfer system. 

1.3 CurricuD-ira i^jveloprnent - Curriculum miiterials are basic to th.e school 
GXiXirience; texts, filjns, and v;orf<lx)oks are the mainstays of instruction, 
especially in tlie eai^ly grades. Until recently the development of tliese 
nvitciuals followed relatively predictable p^atterr^s, Materials were sorrc- 
times genei-^ated in an ad hoc v;ay by teachers v/orking in tlie schools, but 

the mjor direction of curriculuia development generally 'Tie frx^m the cor.n>3r^ 
cial publisii.-u-ig liou^iis, vjhere tli^^ publishei-'S v/oriced on li.u usual autlior-editor 
jiX)del, Attention to tlie devclopnyajrt of nev; courses caii rovcal tiic courses 
that need liclp from tiie sciaice infonration transfer system. 

A flov; clviiri: do::cribijig a general r:rotliodology for px"e]xirij"ig a ocause v;ill 
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be developed. In this flow chai^t it should be possible to identify the 
steps in v;^iich a science infoimation tTonsfer system can be utilized, 

1*U Mental Process of h'uman Infonnation Transformation - An understanding 
of the mental processes tlirough v;hidi authors of learrL?Tig nateidals 
acquire, evaluate, organize, and integrate nev; information into the subject 
matter of e>dsting, orgai^iized science curricula vri.ll be necessary for the 
STITE prx)ject. 

After those key eleinents of the mental processes are identified, they 
can be considered in attempts to assist the txvmsfer of science information 
into education by Tnadiine aids. 

3 . Evaluation of Learning Systans vri.th Respect to Project Objectives 

An evaluation of conventional and non- conventional learning systems should 
reveal those systeirs whidi v;ill substantially benefit frcm a science information 
transfer system. 
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A. SAMPLZ OF lETIER Ri:Ql!i:$TirJG BrPOI^L^JION 



Georgia 
Institute 



of 

Teclmoio 



SCHOOL OF INFORMATION A.WO COMPUTER SCIENCE / (404) $94^3152 /ATLANTA, GEORGIA 30S32 



We are cun-xmtly v;orking on a NSF sponsored project, the objective of 
vMch is to study, design j and experij?.entally evaluate rnan-Tnacliine mechanisnui 
for enhancing the trat^sfer of scieiice infoiTnation from its present repositories 
into science learning systeiis. In particular, v;e plan: 



1* To describe operationally the process of transformation of science 
inforrnation systejn outputs for the purpose of integrating them 
into the content of science learning systen^iS (i.e., conputer based 
as well as routine class-room type educational systems), 

2. To investigate cornporatively the design and operating characteristics 
of science anfomvition systems and science learning systems, par^ 
ticularly from *the viewpoint of requircrrLents for transferring in- 
formation bet^veen thern via a iron^-machine interface. 

3. To implervsnt an e:<perijaental design of limited transfer mechanism 
from appropriate e:d.sting science information systems into 
science learning systeros and to evaluate the cost effectiveness 
of that medvonism. 



To achieve the above- stated goals of our project, v;e collect and analy^.e 
infomvition on th.e following topics: 



1. State-of-the-art of co^nputer based science learning systejns, thedr 
operational characteristics, teaching procedures and the methcdology 
of coulee preparation iji the concerned science learning system* 

2. State-of-the-art of e:<isting operational science infonnat ion trans- 
fer medianisr:-^ , and the procedural, details involved. 

3. Details of the forms of available outputs from the3::ience irifonration 
repositories to leameiV educator cormTunities. 



It will be greatly appreciated if you caji send us v?liatever relwant documcxits 
and reports arc available at your ceirter on tlie above-mentioned topics. If you have 
any questions regarxling our pi*ojcct or infor^pation we are i->equesting3 please a-ill us 
collect* 



Dear 



Ihank you for your assistance. 



Sincerely yout-^j 



ERIC 



Pranas Zunde 
Project Director 

Sdirx>l of Infonration and Computer 

Sci.Cl^CQ ; • . 
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Albert W. Fell, Director 
Special Kducation Instruction 
University of Texas 
304 West ISth Street 
Austin, Texas 78701 



Dr. M. Thomas Risner, Director 
National Information Center Tor Education 
Media 

University of Southern California 

University Park 

Los Angeles, California 90007 



Mr. T. Kottenstett 
Denver Research Institute 
2050 E. Iliff Avenue 
Denver, Colorado 80210 



Mr. H. E. Baker, General Manager 
Scientific and Technical Information 
Facility 

NASA 

5001 Calvert Road 
College Park, Maryland 



Miss Becky Vvalker 

North Carolina Science ft Technology 

Research Center 
Research Triangle Park, N. *C. 27709 



Mr, Jerry Harrison 
NASA 

Technology Utilization Ofc. 
Code KT 

Washington D.C. 20546 



Clearinghouse for Federal Scientific 

Technical Information 
Springfield, Virginia 22151 



Mr. Colin Mick 

Institute for Conmunicat ion Researcli 
Cypress Hall 
Stanford University 
StaJiford, California 94305 
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C. VISITOR FROM INSTITUTE OP LIBRARY RHSHARCH 



Mr. Allen Humphrey of the Institute of Library Research, University 
of California at Berkeley, visited the campus on April 5. In conference 
with the staff of STIT12 he discussed the work of the Institute and more 
particularly his participation in a study of the Educational Resources 
Information Center coiiu icted by the Institute. 

The primary purpose of tlic Institute of Library Research is to in- 
vestigate the application of technology to library practices, Mr. Humphrey 
explained; and lie lias been involved with a niuaber of their research pro- 
jects, including t];e development of an information processing system and 
a bibliographic file procedure, both of winch are used in laboratory pract- 
ice by library school students. He also worked on a lesser project in con- 
textual indexing and on the production of a union catalog in book form for 
the nine libraries of the University of California system. 

For the purposes of the STITl! project, Mr. Humphrey's association with 
KRIC was most relevant. ERIC is a nationwide decentralized information 
system designed to disseminate and promote the use of educational inform- 
ation. Researcii in E ducation processes approximately 1,000 items per 
month on magnetic tape, excluding journal articles, and Cur rent I ndex to 
Journals^ iil Educati on processes approximately 1500 items from journals each 
month. Both indexes receive their materials from 16 clearinghouses over 
the country, each clearinghouse having its oi;n subject specialisation. In 
addition, the clearin.^house on vocational and technical education infor- 
mation produces AIM and M<M, abstracts of instructioi^al and research mat- 
erials in tliat field. 

Approximately 100 organizations presently receive ERIC tapes x^egu- 
larly, of which 25 to 30 are active users. Users arc primarily state or 
regional education agencies that service requests from the education commun- 
ity and universities and colleges that service requests fi*om professors and 
students of the acndomic comjnunity* 

Direct utilization of ERIC Tapes by the STITE project was discussed, 
without conclusions. Technology presently exists for some possibilities, 
such as the direct transmission of a bibliography for updating a course 
to a teacher at a terminal, but further investigation will be required to 
assess tlio potential of ERIC tapes for STITE purposes. 

ERIC 
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Iritervig^ at National Medical Audiovisual Center 

Name of Intervie.vee : Mr. Robert T. Turnbull 

Audiovisual Systems Analyst 
NMAC 

Time and Date: Tuesday, April 3, 1973 

Intervieimig Persons: N. V. Subramanian and Khalid I^iz 
Notes of the inteiviev; are v/ritten by: 

N. V. Subrarranian 

Research Analyst 

School of Inforrraticn and Conputer Science 
Georgia Institute of Ted^ology 

In the opening of the interview, the overall objectives of the pro- 
ject, STITE, V7ere explained and in particular the concern of the project vzith 
educational systeras and the analysis of audiovisual systejns used for educa- 
tional purposes. 

Mr. Tunibull initially discussed at length the details of the equip- 
T^ent displayed in the learning Resource Center at l^MAC. Then he gave cost 
figicres for that oquj.pment. One interesting fact he mentioned was that in 
designing soine of the nev? systems, the time factor involved makes it obsolete 
by the time it is ready to operate. This necessitates very f-requent updating 
of the informtion content of the particular audiovisual leamijig system which, 
in tum, incurs sane addition£il persomel costs. 

Mr. TunibuU also mentioned that, in the case of audiovisual systems which 
use slides of nodels, the production of the models and of the slides should be 
artistically vrell done; othervase the leamer^participants find the systan 
psychologically repulsive and the intended goals m.y not be achieved. In order 
to achieve the intei>ded goals of artistic acceptability in designing an audio- 
visucil presentation, considerable cost i incun^ed. Mr. Turnbull further added 
that in yeai^ to con>e, v^ien the cost of the audiovisual equipment decix^ases 
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substantially, there is a great potential in the widespread use of audio- 
visual techniques in the learning of medicine. He also implied that such use 
of audiovisual learning systems can be extended to several other fields of 
science and technology. 

In the course of the interview, Mr. Tuvnbull explained and demonstrated 
the mobile audiovisual center (CML-10), 3M study carrel, Aeonstic carrel, No. 200 
scries A-1, and closed ciixuit TV educational programs. 

In the concluding part of the interview, Mr. Turnbull expressed his opinions 
about Science information transfer for education from Science information repo- 
sitoi^ies. He strongly felt that local institutions for years to come have to 
bear the design and developmental responsibilities of audiovisual learning 
systems, using whatever inforniation they can procure from science information 
repositories. He also felt that there is some unwillingness on the part of 
insti tutiom that design and develop such systems to offa? them freely to other 
institutions in a different geograpliical location » 

From tlds interview, it is inferred that local educational institutions 
must bear tlic responsibility for transforming information that is available 
fi^om science information centers into structures that can be used in their 
particular educational systems. There arc some implications of iNMAC for the 
STITK project. In tl;e future, the video-tapes, movies and slides of tech- 
nological experiments and medical operations which are otherwise difficult to 
conduct, or even to simulate, at educatioiml institution can be delivered to 
educators from Rcsearcli Centers l^d the Science infotTiiation systems for the 
benefit of the educator comj^unity. In addition when tlie cost of data transmission, 
and particularly tlie cost of picture and graphic data transmission, decreases 
considerably, it will be feasible to have on line ti^anmission of knowledge from 
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science information systen\s to the learner conmunity. 

In the concluding part of the interview, Mr. Tumbull gave us the 
follwing catalogs: 

1. "Tward Iinproved Learning," vol, 1, vol. 2, U.S. Department of 
Health; Education and Vfelfare/Public Health Service. 

2. Motion Picture Film Catalog. 

3. Videotape Catalog. 

Ihe dbove catalogs explicate the details of the design of such audio- 
visual learning systems. 



